
DESCRIPTION OF THE SYRACUSE AND LAKIN

By N. H. Darton.

INTRODUCTION.

POSITION AND EXTENT OF THE QUADRANGLES.

The Syracuse and Lakin quadrangles include the half of a 
square degree that lies between parallels 37° 30' and 38° north 
latitude and meridians 101° and 102° west longitude. They 
measure 34^ miles from north to south and about 55 miles 
from east to west, and their area is 1,887.6 square miles. As 
shown in figure 1, they comprise the greater part of Stanton 
and Grant counties, the southern halves of Hamilton and 
Kearny counties, and small parts of Finney and Haskell 
counties, in southwestern Kansas. The area is traversed by 
Arkansas River, which drains most of it, but its southern part 
is drained by Cimarron River, a branch of the Arkansas. 
(See fig. 1.) The quadrangles lie entirely in the Great Plains 
province, a general account of which will be given as an intro 
duction to the detailed description of the quadrangles.

The averages were: Wells 20 to 30 feet deep, 55^°; 30 to 40 
feet, 55°; 40 to 70 feet, 53|°. The average date of the last 
killing frost in spring is May 1, and of the first killing frost 
in autumn October 12.

Precipitation. The precipitation in southwestern Kansas is 
similar to that in a wide area in the central Great Plains. The 
chart (fig. 2) shows the variation in annual rainfall for

FIGURE 1. Index map of southwestern Kansas and parts of adjacent
States.

The location of the Syracuse and Lakin quadrangles (212) is shown by the darker ruling. 
Published folios describing other quadrangles, indicated by lighter ruling, are the fol 
lowing: Nos. 36, Pueblo; 58, Blraoro; 68, Walsenburg; 71, Spanish Peaks; 185, Nepesta; 
186, Apishapa; 198, Castle Rock; 203. Colorado Springs.

SETTLEMENT.

The Syracuse and Lakin quadrangles are thinly populated. 
North of Arkansas River there are many ranches, and at 
intervals along the Atchison, Topeka & Santa Fe Railway, 
which extends up the valley, there are small settlements. The 
largest of these is Syracuse, which according to the census of 
1910, then had a population of 1,126. Kendall, Lakin, and 
Hartland have populations of about 400, and Deerfield a 
population of about 150. In the region farther away from 
the river there are widely scattered ranches, many of them 
abandoned. New Ulysses and Johnson are small towns in the 
southern part of the area. The extensive sand hills south of 
the river present a formidable obstacle to travel, but roads 
have been built acuss them at intervals. The principal 
industry in the region is raising cattle, usually a profitable 
business; only a small area of land is under continuous culti 
vation. There is some irrigation, at places along the river, 
especially below Lakin, and forage and sugar beets are the
principal products.

CLIMATE.
General features. The climate of western Kansas is typi 

cal of that of the central Great Plains. The summers are 
warm, the winters are moderately cold, and the precipitation, 
although variable, averages less than 17 inches a year. In 
most years the snowfall is moderate, and snow does not remain 
long on the ground. The maximum winter temperatures 
seldom continue for more than a few days, the cold spells 
alternating with periods of moderately low temperature. As 
the air is dry in summer the heat is seldom oppressive, and 
most of the nights are cool.

Temperature. The mean annual temperature at Lakin is 
54.2 and at New Ulysses it is -54.6. In investigating the 
underflow of Arkansas River from Hartland to Garden City 
in the summer of 1914 Slichter determined the temperature of 
water in many of the test wells. In the wells from 25 to 40 
feet deep the temperatures mostly ranged from 56° to 58°, or 
2° to 4° higher than the mean air temperature of the region.
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FIGURE 2. Curve showing variations in annual precipitation in west 
ern Kansas, 1887 to 1913.

Mean rainfall, 19.37 inches, shown by straight line. Compiled from U. S. Weather Bureau
reports.

western Kansas from 1887 to 1913. As the average annual rain 
fall in the Syracuse and Lakin quadrangles is between 15 and 
16 inches the region is classed as semiarid. However, most of 
the rain (75 to 82 per cent) falls in the crop-growing season, 
from March 1 to September 30, so that in this respect it is 
favorable for agriculture. Most of the snow falls between 
November and April, and, as the amount is generally moderate 
and the storms are widely separated, the ground is rarely cov 
ered by much snow for a long time. The average total snow 
fall for the year is 18 inches, but it varies greatly from year to 
year. The records of precipitation at New Ulysses and Lakin 
for 25 years show yearly totals ranging from 8.42 to 24.75 
inches, but there is no evidence that the average rainfall is 
greater now than in earlier years.

AGRICULTURE.

During half a century many attempts have been made to 
raise crops on the high plains of western Kansas and adjoining 
regions, but as the rainfall has been insufficient the general 
results have been unsatisfactory. In nearly every decade 
there are several seasons of rainfall sufficient to afford good 
crops, even when the soil is not well cultivated, but in the 
long run the farmer who has depended exclusively on ordinary 
agriculture has failed. Many abandoned homes and other 
evidences of occupancy are found, and some of them represent 
several successive attempts at settlement.

Most of the land is smooth, the soil is generally fertile, the 
temperatures are favorable, and if the ground is suitably culti 
vated and drought-resisting plants are raised the High Plains 
may yield some return to agriculture.

In the valleys where irrigation is practicable from surface 
wUter or from water pumped from shallow wells its results are 
satisfactory, but on the highlands the water lies too deep for 
pumping for profitable irrigation, even where the volume is 
sufficient and surface waters can not be impounded. Ordi 
narily it is not considered economically practicable to lift water 
more than 50 feet for irrigation, but, though this limit may 
apply to field crops, water sufficient to irrigate a garden plot or 
a small acreage, of special crops may be pumped economically 
from a greater depth.

PHYSIOGRAPHY AND GEOLOGY OF THE 
GENERAL REGION.

PHYSIOGRAPHY OF THE GREAT PLAINS PROVINCE.

General features. The Great Plains province is that part 
of the continental slope which extends from the foot of the 
Rocky Mountains eastward to the Mississippi Valley (Central 
Lowland), where it merges into the prairies on the north and 
into the low plains that adjoin the Gulf coast and the Missis 
sippi embayment on the south the western part of the Gulf 
Coastal Plain. The plains present wide areas of tabular sur 
faces (see Pis. I and II) that are traversed by the broad, 
shallow valleys of large rivers, most of which rise in the Rocky 
Mountains, and that are cut more or less deeply by the nar 
rower valleys of tributaries of those rivers. Smooth surfaces 
and eastward-sloping plains are the characteristic features of 
the province, but in some parts of it there are buttes, escarp

ments, and areas of badlands. Sand hills surmount the 
plains in some localities, notably in northwestern Nebraska, 
where they occupy an area of several thousand square miles. 
(See PL VI.) The province is developed on a great 
thickness of soft rocks, sands, clays, and loams, in general 
spread in thin but extensive beds that slope gently eastward 
with the slope of the plains. These deposits lie on relatively 
smooth surfaces of the older rocks. During earlier epochs 
the surface was even smoother than as present. Owing to 
the great breadth of the plains and their relatively gentle 
declivity, general erosion has progressed slowly notwithstand 
ing the softness of the formations; and as at times of freshet 
many of the rivers bring out of the mountains a larger load 
of sediment than they can carry to the Mississippi, they are 
now locally building up their valleys rather than deepening 
them.

Altitudes and slopes. The Great Plains province as a whole 
slopes eastward at a gradient of about 10 feet to the mile from 
the foot of the Rocky Mountains to an altitude of about 1,000 
feet in the Mississippi Valley. The altitudes and the rates of 
slope differ considerably in different areas, particularly in areas 
to the north, along the middle course of Missouri River, where 
the geceral altitude has been greatly reduced. The Great Plains 
attain an altitude of 6,200 feet at the foot of the Rocky Moun 
tains west of Denver and farther north, along the foot of the 
Laramie Mountains. A high altitude is also attained in Pine 
Ridge, a great escarpment that extends from a point near 
the north end of the Laramie Mountains eastward through 
Wyoming, across the northwest corner of Nebraska, and for 
many miles into southern South Dakota. Pine Ridge marks 
the northern margin of the High Plains division of the Great 
Plains province and the cliffs and steep slopes on its north 
ern front descend a thousand feet into the drainage basin 
of Cheyenne River, one of the larger branches of the Missouri. 
From this basin northward there is a succession of other 
basins, between which there are relatively low intervening 
divides, none of which attain the altitude of the plains south 
of Pine Ridge. This high plain extends across western 
Nebraska, Kansas, Oklahoma, and eastern Colorado and 
becomes the Llano Estacado or Staked Plain of Texas and 
New Mexico.

Drainage. The Great Plains are drained by many rivers, 
most of which rise in the Rocky Mountains and empty into 
the Mississippi. Missouri River is the principal stream in their 
northern part, and the Cheyenne, Niobrara, and Platte are its 
larger tributaries. Arkansas, Canadian, and Red rivers and 
their branches drain the southern part of the area, and the 
Pecos, a tributary of the Rio Grande, flows along the western 
and southern sides of the Llano Estacado. The rivers cross 
the Great Plains in wide, shallow valleys that are bordered 
from place to place by low bluffs, and except at time of flood 
the streams shrink to narrow channels that are separated by 
sand bars.

GEOLOGY OF CENTRAL AND WESTERN KANSAS. 

GENEEAL FEATURES.

The geology of Kansas is in many features similar to that of 
Colorado and Nebraska, but several of the formations show 
considerable differences in their structural relations and in 
their stratigraphic components, owing to a gradual change of 
conditions of sedimentation or erosion toward the south and 
east. The eastern part of the State is crossed by the outcrop 
zone of a broad* belt of limestones, shales, and sandstones of 
the Carboniferous system, from Mississippian to Permian in 
age, which dip gently to the west or slightly north of west 
under the younger formations. The younger formations com 
prise representatives of the Upper Cretaceous series from the 
Pierre shale to the Dakota sandstone, which lie directly on 
strata of Permian age, except where they are separated by 
upper formations of the Comanche series of the Lower Creta 
ceous and in part possibly the Morrison formation. In general 
they dip gently to the northwest, and owing to this dip, 
together with the rise of land to the west, the mass of strata 
thickens to the northwest. West of the ninety-eighth merid 
ian nearly all the higher lands are covered by Tertiary and 
Pleistocene deposits to a thickness of 150 to 250 feet,



The following list sets forth the order, age, and principal 
characteristics of the formations:

Geologic formations in central and western Kansas.

Age.

Recent

Pleistocene.

Pliocene and late 
Miocene.

Upper Cretaceous.

Lower Cretaceous 
(Comanche).

Lower Creta 
ceous (?).

Permian ______..

Name.

f Sand hills.. 

[Alluvium _.

f Loess____.

McPherson formation 
("Equus beds").

Ogalalla formation, compris 
ing " Tertiary grit," "mor 
tar beds," etc.

) Montana 
j group. 

Niobrara formation _
Pierre shale.

1

Carlile shale
Colo- 

~~~~ >  rado

Greenhorn limestone SrouP 
Grraneros shale____ J 

(.Dakota sandstone ____.

Kiowa shale and Cheyenne 
sandstone.

Morrison (?) formation.

Cimarron group ("Red
Beds"). 

Sumner group.

Character of rocks.

Sand, mainly in dunes
formed by action of
wind. 

Sand, loam, and gravel
in valleys; talus on
slopes.

Fine coherent sandy 
loam, of pale brown 
ish-buff color.

Sands and sandy clays.

Calcareous grit, sandy 
clay, and sand.

Dark-gray shale or clay.

Chalk, soft limestone, 
and shale.

Dark shale with concre 
tions.

Slabby limestone.
Dark shale.
Sandstone and shale.

Do.

Red sandstone, shale,
and gypsum. 

Shale, limestone, and
thick salt beds.

CARBONIFEROUS SYSTEM.

Sumner group. Limestones and shales of Carboniferous age 
come to the surface in a wide belt across central-eastern 
Kansas. There are many formations, the uppermost of which, 
constituting the Sumner group, of Permian age, are the Well 
ington shale and the Marion formation. The Marion consists 
of light-colored limestone, shale, and marl and contains thick 
deposits of salt and gypsum. It is 300 to 400 feet thick, and 
in an extensive area in central Kansas a large proportion of it is 
made up of beds of salt. The Wellington shale, which consists 
mainly of light-colored shale, is about 200 feet thick in the 
northern and possibly 445 feet thick in the southern part of 
Sumner County. It passes beneath the Dakota sandstone 
north of Reno County and apparently merges on the south 
into the lower portion of the Cimarron group ("Red Beds").

Cimarron group ("Red Beds"). In the southern part of 
Kansas, from Sedgwick and Sumner counties westward, the 
Dakota sandstone and the Comanche series are underlain by 
red shale and sandstone, which thicken greatly to the west. 
They constitute the surface rock in Harper County and in the 
greater part of Kingman, Barber, Comanche, and Clark 
counties, as well as in Oklahoma and southeastern Colorado, 
but pass unconformably under younger formations to the 
north and west. They constitute the Cimarron group. The 
rocks are mainly soft fine-grained sandstone and shale, both of 
dark-red color, and contain thick beds of gypsum. The total 
thickness in western Kansas is not known but is probably at 
least 1,000 feet. According to G. I. Adams 1 these red rocks 
merge laterally into the Wellington shale in Sedgwick and 
Sumner counties. How far they extend to the northwest 
under the Dakota sandstone is not known, well borings not 
having given decisive evidence in this regard much beyond 
Arkansas River.

CRETACEOUS SYSTEM.

Morrison (?) formation.   The oldest rocks tentatively 
assigned to the Cretaceous system in southwestern Kansas pos 
sibly represent the eastern edge of the Morrison formation, 
of Cretaceous (?) (possibly Jurassic) age, and materials reputed 
from wells in the Syracuse and Lakin quadrangles have some 
of the characteristics of that formation.

Comanche series. The upper formations of this series of 
marine Lower Cretaceous rocks underlie the Dakota sandstone 
in a portion of central-southwestern Kansas and outcrop under 
the edge of the Tertiary deposits in Clark, Comanche, Kiowa, 
and Barber counties. Another small area underlies the Dakota 
sandstone in the northwest corner of McPherson County. 
The lower formation, the Cheyenne sandstone, 40 to 60 feet 
thick, is composed mainly of coarse sandstone, mostly of light 
color and of relatively soft texture. It is not unlike the 
Dakota sandstone in appearance and weathers with somewhat 
similar aspect, but usually it is of lighter color. The Cheyenne 
sandstone is absent in McPhersou County, where the Kiowa 
shale lies on the Wellington shale. The middle and lower 
beds are black and bluish-black to gray shale, with a thin 
hard stratum of sandy and calcareous matter at the bottom. 
The upper formation is the Kiowa shale, which is from 125 to 
150 feet thick. Its upper beds are yellowish-gray shale and 
contain thin layers of yellowish to pinkish fossiliferous 
limestone. It is not known how far north the rocks of the 
Comanche series extend under southwestern Kansas, for well 
records do not reveal their identity. They may constitute the 
lower part of the beds reported as Dakota sandstone under an

1 Adams, G. I., The Carboniferous and Permian age of the Red Beds of 
eastern Oklahoma, from stratigraphic evidence: Am. Jour. Sci., 4th ser., 
yol, 13, pp. 383-386, 1901.

area of considerable extent and may include the eastern repre 
sentatives of the Purgatoire formation of Colorado which is of 
late Comanche (Washita) age.

Dakota sandstone. The Dakota sandstone, the oldest forma 
tion of the Upper Cretaceous series, underlies the western half 
of Kansas and outcrops in a zone 12 to 20 miles wide, which 
extends from Washington County south and southwest to 
Arkansas River in Rice and Barton counties, and thence up 
Arkansas River and Sawlog Creek to Ford County, where it 
passes under Tertiary deposits. It appears again in the val 
leys of Bear Creek and Cimarron River and some of its 
branches near the Colorado State line and on Arkansas 
River near Hartland. To the north and west, in northwestern 
Kansas, it passes beneath the shales of Benton and Niobrara 
age, the Pierre shale, and sands and gravels of Tertiary age 
and probably lies more than 2,000 feet below the surface in 
the northwest corner of the State. In north-central Kansas it 
lies on the dark shale and salt beds of the Wellington forma 
tion ; in southern and southwestern Kansas it rests on the red 
sandstone and shale of the Cimarron group. In places the 
Kiowa shale and Cheyenne sandstone intervene, and probably 
the Cheyenne sandstone underlies it in an area of consider/able 
extent under the southwest corner of the State. Possibly the 

. lower sandstones that are regarded as Dakota include some of 
the Purgatoire formation, the Rocky Mountain representative 
of part of the Comanche series.

The Dakota consists mainly of sandstone, but shale members 
are included throughout its extent. (See Pis. Ill and IV.) As 
the beds differ from place to place no distinct subdivisions can 
be established. The characteristic Dakota sandstone is of con 
siderable thickness, and beds of different kinds of clays are 
intercalated in it. The relations of the shale to the sandstone 
are exceedingly variable, but in the eastern part of the State 
well borings show first a thick body of sandstone, next a mass 
of shales locally 100 feet thick, then a second sandstone 50 or 
60 feet thick, and at the base an alternation of sandstone and 
shale, amounting in all to 300 feet or more.

The sandstone is generally gray or buff, but in places it is a 
strong red, and some local beds are white. The material is 
quartz of varying degrees of fineness. The cementing material 
is partly calcareous and differs considerably in amount, parts of 
the stone being hard and resistant and other parts soft and 
crumbling. The rock is nearly everywhere very porous and 
forms a good reservoir for the storage of underground water. 
Some outcrops of sandstone at the head of Medicine Lodge 
River, in the southeast corner of Kiowa County, are doubt 
fully referred to the Dakota, although they lie directly upon 
upper members of the Comanche series.

In central Kansas the formation includes an upper member 
that is composed of 25 to 50 feet of shale capped by a foot or 
more of sandstone and in places is separated from the main 
body of sandstone by a deposit of lignite locally 2 feet thick. 
The upper part of the shale contains much gypsum in loose 
crystals and veins and the lower beds contain salt, which gives 
rise to saline lakes and springs at numerous localities.

Rocks of Benton age. In northwestern and west-central 
Kansas three formations of Benton age overlie the Dakota 
sandstone in conformable succession. The rocks are shale 
(generally dark), limestone, and sandstone. The thickness of 
the formations is probably somewhat variable but aggregates 
about 400 feet. The outcrop extends in a wide belt diagonally 
across the State from Republic County into Ford and Finney 
counties, where it passes under the Ogalalla formation. It 
reappears again along both sides of the Arkansas Valley in 
Kearny and, Hamilton counties, but the Tertiary deposits 
(Ogalalla formation) cover its southern edge in the southwest 
corner of the State.

The basal formation is dark bituminous shale, which is only 
25 to 30 feet thick inp central Kansas but thickens toward the 
west, attaining a thickness of 200 feet or more near the Colo 
rado line. The shale is dark, moderately hard, breaks into 
thin flakes on weathering, and is regarded as the basal forma 
tion of Benton age and as representing the Graneros shale of 
eastern Colorado and adjoining States. This formation is 
overlain by a series of beds of limestone and shale in places 
65 feet thick, which represents the Greenhorn limestone of 
eastern Colorado. The basal member of this formation is a 
massive bluish-gray limestone about 15 feet thick, which, 
although hard and flinty, weathers easily and is locally known 
as the Lincoln marble. Next above is the "flagstone," as it is 
sometimes called, a member consisting of several layers of lime 
stone separated by thin beds of shale, having in all a thickness 
of about 10 feet. The limestone is white or light cream- 
colored, fine grained, and hard, and has been used extensively 
for flagstones at many places in central Kansas.

It is overlain by the "Inoceramus beds," as they are called 
locally, which consist of limy shale, including several thin 
beds of limestone separated by thin beds of shale. The lime 
stone is filled with very numerous impressions of Inoceramus 
labiatus (see PI. V, B), a fossil which.occurs also in other mem 
bers of the Greenhorn limestone. The top member of the 
Greenhorn limestone is a hard bed about 9 inches thick in

north-central Kansas and is known as the " Fence-post lime 
stone," because it readily splits into masses suitable in size and 
shape for fence posts and flagstones.

The uppermost formation of Benton age in Kansas consists 
almost entirely of shale, which represents the Carlile shale of 
eastern Colorado. In places this upper formation is 250 feet 
thick. Two members are recognized locally; the upper one 
(called Blue Hills shales by the Kansas University Geological 
Survey) consists of loose dark bluish-gray shale, which con 
tains in its upper portion numerous lens-shaped concretions 4 
to 5 feet in diameter, a feature that is characteristic of this hori 
zon throughout central Kansas as well as in adjoining States. 
These concretions are dark and consist largely of calcium car 
bonate. Some of them have cone-in-cone structure; some are 
hollow geodes lined with crystals of calcite; others are traversed 
by cracks filled with calcite or other minerals.. Many of these 
contain fossils of typical late Benton forms, including Sca- 
phites, Prionoiropis woolgari, and Inoceramus. The lower 150 
feet of the Carlile formation, which is called Ostrea shales by 
the Kansas University Geological Survey, consists of soft dark 
blue-gray shale which contains in some places thin beds of 
limestone.

Niobrara formation. The Niobrara formation underlies a 
wide region in Kansas west of the ninety-eighth meridian and 
north of Arkansas River. Its eastern margin lies in slopes 
that rise above the rolling surface of the formations of Benton 
age and trend southwestward across the State from Jewell 
County to the northeast corner of Finney County. It is 
thickly overlain by Tertiary deposits to the west, but some 
of the larger valleys, notably that of Smoky Hill River, are 
cut so deep that they afford extensive exposures of the Niobrara 
rocks. The lower part of the formation also appears in some 
of the deeper valleys in the northwestern part of Hamilton 
County north of Coolidge.

The formation comprises two members. The lower member, 
about 50 feet thick, which consists mainly of soft limestone 
and is known as Fort Hays limestone member, is in a general 
way equivalent to the Tim pas limestone of Colorado. The 
upper member, which consists of soft chalk beds 300 to 400 
feet thick, is known as the Smoky Hill chalk member or 
" Pteranodon beds," and in a general way is equivalent to the 
Apishapa formation of eastern Colorado. These beds immedi 
ately underlie the Pierre shale, but the contact appears to be 
hidden by the overlap of Tertiary deposits. The Fort Hays 
limestone is a soft, massive, light-colored rock which weathers 
out in bluffs of moderate prominence. In well borings it is 
generally distinctly recognized by its hardness, which is greater 
than that of the Smoky Hill chalk. The Smoky Hill chalk 
consists of a mixture of chalk and clay in varying proportions 
and is in part thin bedded; some portions of it are pure chalk. 
In its unweathered condition the Smoky Hill chalk appears as 
a massive light bluish-gray clay, but on weathering it usually 
becomes yellow or buff, and in some places light red tints 
which are due to the oxidation of the iron contained. In well 
borings the material is a pale-blue chalky clay, not very sticky 
when wet. Some nearly pure chalk occurs in places, notably 
in the vicinity of Norton, in the valley of Prairie Dog Creek, 
where it has been quarried. The chalk beds, however, are best 
exposed in the valley of Smoky Hill River, where they form 
many prominent buttes and castellated cliffs. A small exposure 
has been observed northwest of Horace, near the State line. 
Crystals of gypsum are not uncommon in the weathered beds, 
and a large amount of pyrite weathers out in nodules in many 
localities. The principal molluscan fossils of the Niobrara 
formation are Ostrea congesta (see PI. V, A) and Inoceramus 
deformis, and remains of many animals of various kinds have 
also been found.

The Niobrara formation has been penetrated by numerous 
wells, which throw light on its position and thickness under 
ground. At Horace, in Greeley County, the deep boring 
found the top of the formation a short distance below the sur 
face and apparently about 650 feet thick, although some of the 
top beds may have been removed by erosion.

Pierre shale. In the northwest corner of Kansas the 
Niobrara formation is overlain by the Pierre shale, which is 
exposed at intervals in the valleys of Republican and Arikaree 
rivers and their branches in Cheyenne County, notably in the 
banks of Hackberry Creek, 15 miles south of St. Francis; on 
Beaver Creek, in Rawlins County; and on Prairie Dog Creek, 
in Norton County. The shale is of dark grayish-blue color 
but weathers to a clay of rusty yellowish-brown tint. Lens- 
shaped concretions of different sizes occur in some of the beds
and carry distinctive Pierre fossils.

  )  
TERTIARY SYSTEM.

The rocks of the White River group, of Oligocene age, 
appear to be absent in western Kansas, for the southern edge is 
not far south of Akron in Colorado. Probably they extended 
farther to the southeast in earlier times and have been removed 
by erosion. Possibly some outliers still remain, however. 
Adams 2 has called attention to some soft sandstones uncori-

* Adams, G-. L, Am, geologist, vol. 29, pp. 301-303, 1902.



formably underlying the Ogalalla beds on Cimarron River in 
Seward County, which he suggests may be of the White River 
group.

Ogalalla formation. Most of western Kansas and south 
eastern Colorado is covered by a thick sheet of sand and gravel 
which represents the southern extension of the Ogalalla forma 
tion. It is from 100 to 350 feet thick and constitutes the 
surface of all of the uplands and parts of the valley slopes, 
and extends to the bottoms of the valleys in places. lUupper 
surface is generally very level. (See Pis. I and II.) It lies on 
an irregularly eroded surface of the Cretaceous formations, from 
Pierre shale to Dakota sandstone, and in some of the valleys 
is overlain by Quaternary deposits. The materials of the 
Ogalalla formation are uniform in general character, but there 
is much local difference in the thickness, succession, and 
texture of the beds. The sands are in irregular bodies, thick 
ening and thinning from place to place, and they contain 
varying proportions of gravel on the one hand and grade into 
silt and clay on the other. The coarser deposits are inter 
spersed irregularly among beds of clay, and locally the clay or 
loam deposits become thick and prominent. The surface of the 
formation is clay or silt in some places and loose sands in 
others, but ordinarily the surface sand is blown away unless 
well protected by sod. Calcium carbonate occurs in consider 
able amount in most of the formation, especially in the coarser 
deposits, which it cements into the loose conglomerate known 
as "mortar beds." This rock outcrops in the slopes of many 
of the depressions, generally as ledges or low cliffs, for much 
of the rock is moderately hard and much more resistant to 
erosion than the unconsolidated sand and gravel. The calcium 
carbonate appears in this rock as a white cement between 
grains of the sand and gravel, and in places it occurs in nearly 
pure condition as irregular bodies or beds of no great thick 
ness. This calcareous grit or "mortar beds" outcrops exten 
sively along the sides of the valleys and draws throughout 
western Kansas as well as in adjoining States north and west.

The origin of the "mortar beds" is closely connected with 
the semiarid climatic conditions. The water that falls as rain 
as it soaks into the ground takes up more or less carbon dioxide 
from vegetation and other sources at the surface. This water 
acts on particles of calcium carbonate disseminated in the 
deposits and carries them down into the coarse deposits of the 
Ogalalla formation. Here the water accumulates, and as the 
circulation is very sluggish on account of the little rainfall, 
much of the calcium carbonate is eventually precipitated about 
the sand and gravel, cementing it to rock.

(Xwing to its removal by erosion and to the unevenness of 
its base, the southeastern margin of the Ogalalla formation in 
Kansas is irregular and indefinite, extending eastward on the 
divides and retreating far westward up the valleys of Smoky 
Hill and Solomon rivers. From Hartland to Dodge the base 
of the formation descends below the bottom of Arkansas River 
and probably occupies an old depression which continues east 
ward through Kiowa and Pratt counties and the western part 
of Reno County.

In the divide south of Arkansas River the Ogalalla formation 
extends westward as the surface of the High Plains to a point 
beyond longitude 103° and is found at intervals farther west 
on some of the higher summits. Near the south line of Colo 
rado it is overlain, according to W. T. Lee, 1 by lava flows of 
the Mesa de Maya and -other areas.

The formation extends northward across the southwestern 
part of Nebraska, but in the vicinity of North Platte River it 
is thin, and farther north and northeast it apparently thins out 
entirely and gives place to the Arikaree formation, which has 
similar topographic relations on the northern plains. Its 
distinctness from that formation, however, was clearly ascer 
tained both along the southern side of North Platte Valley in 
west Nebraska and in exposures in northeastern Colorado, where 
the Arikaree beds are well characterized and are unconformably 
overlain by the Ogalalla beds. Moreover, the Arikaree forma 
tion contains numerous bones of Miocene age at many localities 
in Nebraska, Wyoming, and South Dakota, but the bones that 
occur in abundance at some places in the Ogalalla formation 
are of Pliocene age. Possibly some of the sand and loam 
deposits covering the plains of western Kansas are younger 
than Ogalalla and represent the McPherson formation ("Equus 
beds") and other deposits of early Quaternary age.

Osborn and Matthew 2 in their review of mammal horizons o± 
North America regard the Ogalalla deposits in southwestern 
Nebraska and northwestern Kansas as comprising two zones, 
the Procamelus zone, of upper Miocene age, and the Peraceras 
zone, of uppermost Miocene or earliest Pliocene age.

On the other hand, apparently typical "mortar beds" in 
Meade County, similar to those farther north, have yielded 
many remains of horses, llamas, elephants, and other animals, 
which are classed as early Pleistocene, probably representing 
the McPherson formation or "Equus beds" of central Kansas. 
Other fossils of this fauna have been found in Smoky Hill 
Valley and near Goodland, but the containing deposits may

1 Jour. Geography, vol. 2, p. 78, 1903.
2 U. S. Geol. Survey Bull. 361, pp. 79-81, 1909.
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prove to be younger than the Ogalalla. Some portions of such 
younger deposits cemented by calcium carbonate might be 
expected to resemble the Ogalalla closely.

QUATERNARY SYSTEM. 
/

The Quaternary system is represented in central Kansas by 
the McPherson formation ("Equus beds") and loess, of Pleis 
tocene age, and by Recent alluvium and sand hills. The 
Recent deposits are also present in western Kansas. It is 
possible that some of the surficial sand and loam there 
represent the McPherson formation.

TOPOGRAPHY.

Plateaus. The most marked topographic features of the 
Syracuse and Lakin quadrangles are the wide, high plain, 
which constitutes most of the area, the flat-bottomed valley of 
Arkansas River cut in this plain, and the broad belt of sand 
hills that extends along the south side of the river and up the 
slopes to the south. This high plain is part of the smooth 
general upland of the Great Plains. (See Pis. I and II.) 
In the region south of Syracuse it presents some marked irregu 
larities, which are due to erosion by the two forks of Bear 
Creek. Its most striking feature in this area is a ridge between 
the sand hills and the valley of North Fork of Bear Creek, 
which rises from 100 to 150 feet above the general slopes 
farther south. This ridge begins 10 miles south of Hartland 
and extends westward into Colorado, where it merges into 
the general High Plains. It is broad and smooth in the 
region south of Kendall and Syracuse but on the sides is 
deeply cut by long draws. In R. 42 W. it narrows, and 
the summit finally consists of a succession of rounded knobs, 
one of which, in sec. 7, T. 25 S., R. 42 W., is about 3,690 
feet above sea level and is the highest point in the two quad 
rangles. On the north this ridge slopes with moderate steep 
ness to the sand-hill belt; on the south steep slopes descend 
along the valley of North Fork of Bear Creek to its mouth 
and then to Bear Creek, which finally flows around its eastern 
end. South of the ridge is a broad area of slightly lower, 
rolling plains that rises gradually to the west and is trenched 
by the shallow valley of Bear Creek. This plain extends 
eastward past New Ulysses, where it is trenched by the wide 
but moderately deep valley of North Fork of Cimarron River 
and its branches. It slopes gradually to the north into the 
valley of the Arkansas, but a wide belt of sand hills covers 
much of the slope.

On the north side of Arkansas River there are steep slopes 
to the high plain, which is about 250 feet above the bottom of 
the valley. Its surface is smooth, notably so in the broad area 
northwest of Hartland, and it slopes gently eastward. Near 
Lakin the rise to the highland diminishes in steepness and 
the highland itself recedes considerably from the river.

River valley. The valley of Arkansas River, which extends 
across the northern portions of the Syracuse and Lakin quad 
rangles, presents the usual characteristics of a river valley of 
the Great Plains. It consists of a flat-bottom trench with 
sloping sides; on the north there are slopes to the High Plains, 
and on the south there is a broad zone of sand hills. The 
river meanders through the valley in long curves and for part 
of its course has low banks on one side or the other. In places 
the stream reaches the foot of the slope which rises to the 
adjoining highlands and cuts a bank of greater or less promi 
nence, as in the bend 4 miles west of Hartland. The width of 
the river flat is about 2,miles near Syracuse and Kendall, but 
it narrows to 1-|- miles and finally to 1 mile from Kendall 
to Hartland, probably because of the encroachment of sand 
hills from the south. Below Hartland it widens greatly and 
its width is 5 miles or more near Lakin and Deerfield, where 
the slopes on the north trend away to the northeast and the 
sand hills on the south do not extend so near to the river as 
in the region west of Hartland. The bottom lands adjoining 
the river are nearly flat, but there is in most places a slight 
slope toward the stream and in places low terraces. The 
higher lands in the valley are known as "second bottoms," 
which is the land mostly cultivated. Freshets flood the lower 
bottom lands or " first bottoms," and at times the water reaches 
the foot of the adjoining slopes on the north and the sand 
hills on the south. The river leaves the area in the north 
east corner of the Lakin quadrangle at an altitude of about 
2,860 feet above sea level, which is the lowest point in the 
area. The fall to this point from the north margin of the 
Syracuse quadrangle northwest of Syracuse is about 390 feet, 
and as the distance is 50 miles the rate of declivity is very 
nearly 8 feet to the mile.

Sand hills. The sand hills that extend in a broad belt along 
the southern side of the Arkansas Valley in the Syracuse and 
Lakin quadrangles have a width of 3 to 4|- miles from a point 
opposite Syracuse to Kendall, but southeast of Hartland they 
broaden greatly and they are 18 miles wide in the western part 
of Finney County. The margins of the sandy belt are usually 
somewhat indefinite, for in greater part the hills rise gradually 
from the river flats and on the south they merge into an irreg 
ular thin mantle of blown sand extending far up the slopes of

the High Plains. The southern limit generally is farther 
south than is shown on the areal-geology sheet, for at many 
places the margin is indefinite. The material consists of sand 
brought by the river and blown to the south and southeast by 
the strong winds. It is heaped up in irregular slopes and 
dunes that are separated by irregular basins and winding 
valleys. (See PI. VI.) These valleys in some places expose 
the floor on which the sand lies, but in other places the 
bottoms of the basins are covered with a deposit of silt from 
dried-up ponds. The highest hills rise 60 to 80 feet above 
their base and a large part of the surface consists of loose sand, 
which is not tillable and is difficult for transportation by 
wagon. In many places there are "blow-outs" or "craters," 
where the sand has been blown out of a circular or semicircular 
pit on the summit or in the side of the dune. Considerable 
sand moves when the winds are high, and thus many details 
of configuration are altered; more or less new sand is also 
blown from the bed or freshet plain of the river to add to the 
deposits. Bunch grass grows in most places on the sand hills, 
so that the region affords good pasturage. Water is usually 
available from shallow wells and ponds. Much of the rain 
falling on the sand hills sinks vertically, but the water spreads 
laterally when it reaches the valley floor. Bear Creek empties 
into the sand hills, and in times of great freshets, which occur 
at long intervals, its water flow? into irregular valleys among 
the hills where in a few days it disappears partly by under 
ground leakage and partly by evaporation. There was a flood 
of this sort in 1884 and another in 1895, when the water, 
flowing at a mile or two an hour and 1 to 2 feet deep, over 
flowed an area 1 to 2 miles wide in T. 27 S., R. 38 W. There 
are traditions that some of the freshet waters have passed 
entirely through the sand hills and thence by Clear Lake into 
Arkansas River, and there is a well-defined channel across 
sec. 13, in which a small stream flowed at one time. Clear 
Lake is a nearly circular pond, about 300 feet in diameter, in 
a notable depression in the valley floor, and its water surface 
is about 8 feet below the level of the Arkansas at a point half 
a mile northwest and 3 feet below at a point due north. It is 
said that the pond is very deep and is fed by underflow from 
Bear Creek, but soundings made by Slichter in August, 1914, 
found only 16 feet of wate,r, and measurements in test holes in 
the vicinity showed that the underflow came from the west and 
was in no way connected with the Bear Creek drainage.

DESCRIPTIVE GEOLOGY.
STRATIGRAPHY.

GENERAL CHARACTER OF THE ROCKS.

The strata that outcrop in the Syracuse and Lakin quad 
rangles are only about 200 feet thick. They are sandstones,
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FIGURE 3. Generalized section for the Syracuse and Lakin quadrangles.
Scale: 1 inch=200 feet.



shales, and limestones of Cretaceous age, and gravels and sands 
of late Tertiary and Quaternary age. Cretaceous rocks under 
lie the entire area and below them there is a thousand feet or 
more of Carboniferous rocks consisting of red sandstone and 
red shale, probably underlain by limestones. There are no 
igneous rocks. The formations exposed are shown in the 
columnar section (fig. 3), which indicates the thickness, char 
acter, and relations of the beds.

CKETACEOUS SYSTEM. 

UPPER CKETACEOUS SEKIES.

The sandstones and limestones of Cretaceous age that out 
crop to a small extent in the slopes of the valleys of Arkansas 
River and Bear Creek comprise three formations Dakota 
sandstone, Graneros shale, and Greenhorn limestone. The 
Carlile and Niobrara formations, which lie above the Green 
horn, appear to be absent, but doubtless they formerly extended 
across the region and have been removed by erosion. Possibly 
some of the Carlile shale remains in the ridge south of Arkan 
sas River and east of New Ulysses, but its edge is overlapped 
by the Ogalalla formation.

DAKOTA SANDSTONE.

Distribution and relations. The Dakota sandstone outcrops 
at intervals on the southern slope of the ridge that crosses the 
southern part of Hamilton County and also on Bear Creek 12 
to 15 miles southwest of Johnson. A small exposure also 
appears in the south bank of Arkansas River 2 miles south 
west of Hartland. Doubtless the formation is not far beneath 
the surface at many other places in the valleys and it has been 
entered by numerous wells. At Syracuse it lies 122 to 193 
feet below the valley floor, at Johnson 180 feet, at Kendall 
153 feet, and at Lakin 156 feet. It is probably at no great 
depth in the greater portion of Grant and Stanton counties 
under the covering of the Ogalalla formation and alluvium. 
In the ridges on both sides of Arkansas Valley it is overlain 
by Graneros shale and Greenhorn limestone. As shown by 
records of several deep borings it lies on red beds (Cimarron 
group), with some intervening shale and sandstone, which may 
possibly be older than Dakota and represent the Purgatoire 
and Morrison formations of eastern Colorado.

Thickness and well sections. The thickness of the exposed 
beds of Dakota sandstone is about 80 feet in the outcrops 
south of Syracuse, but there are 150 feet or more of lower beds 
possibly including the Purgatoire formation, which do not 
reach the surface. The total thickness of the sandstones is 
indicated by records of several wells. In the railroad well 
No. 4 at Syracuse the thickness is apparently 265 feet (170 
to 435 feet), in the city well it is 342 feet (122 to 464 feet), 
and at Kendall it may be as much as 440 feet (53 to 493 
feet). It is possible, however, that in the railroad well No. 4, 
23 feet of dark shale reported at 435 feet and 7 feet of red 
shale below are part of the Dakota (or Purgatoire ?) and that 
the top of the Cimarron group was not entered. In the 
Kendall well also it is likely that the base of the Dakota is 
the 19-foot bed of sandstone at the depth of 367 feet and that 
the 58 feet of shale and other light-colored beds below belong 
in an older formation. The well at Johnson is reported to 
have penetrated soft, gravelly rock that contained layers of 
clay from 180 to 400 feet, a thickness of 220 feet, to a blue 
mud, which may be the shale that usually lies between the 
Dakota sandstone and the Cimarron group.

The record of the city well at Syracuse is given below.

Record of Dakota sandstone and underlying strata in city well at Syracuse, 
Hamilton County, Kans.

Clay, white. __ _ _______ __ _ _ _ , _ _ ___ -
Shale, sandy, compact _ __ _ _____ .__ ______ _ _ __

Sandstone.- _ ._ _._ _   _ -__- _ __   _..   - - _- -
Shale, sandy

Clay, white ___ _ _ ___ _ __ __ _ _ -   _. . ___ -
Shale, sandy. __ . __ _ _ _._ _ _ ... -

Shale, black. _ __ _ _ _ ___ _ _ ___ - ___ __ _
Sandstone, lower half dark _ __ ___ ___ __. ... _

Shale, dark.- _ _ . .._ _ __ _ .__.. _.__ _.._ _ _
"Soapstone" __ _____ __ _____

Shale, sandy__.-._ _ _ _ ____ ___   __ _._.. _ - _
Sandstone, gray, much water __ ._ __. _ _ ___.. ______
Shale, sandy _ . ___ _ _ _ _. __ ___ _._ _ . . __ _   _
"Limestone" _ ________ _ _ __

Shale, brown __ ___ _____ _.____.__
Clay, white. __ __ _. _ ____. __ ____-_-..

Thick-
. ness.

Feet. 
8

4

16

4

24

36

10

6
22

28

12

18

12

6

6
51

17

38

8

4

12
4

4

6

Depth 
to base.

Feet. 
130

134

150

154

178

214

224

230

252

280

292

310

322

328

334

385

402

440

448

452

464

468

472

478

In this well the Dakota (or Purgatoire ?) sandstone appar 
ently began at a depth of 122 feet under 100 feet of black 
shale and continued fo or nearly to the bottom at 478 feet.

In another well at Syracuse shale is reported to a depth of 
185 feet, followed by 8 feet of joint clay, beneath which the 
Dakota sandstone is penetrated for 91 feet (193 to 284 feet), 
probably without its base being reached.

The strata are reported as follows:

Partial record of Dakota sandstone in toell at Syracuse, Kans.

Record of Dakota sandstone in well in SE. \ sec. 9, T. 25 S., R. 41 W., near
Syracuse, Kans.

Sandstone, soft water _ _ .__ ___ _ ___ _. _ __ __ __ __
Shale with thin limestone layer at 225 feet ____ __ .
Clay, white. ___ _ _ __ _ __ _ __ .___ __ _ _ __

Shale _ ---_-__.

Thick 
ness.

Feet. 
4

43
10
29

5

Depth 
to base.

Feet. 
197

240

250

279
284

In well No. 2 of the railroad company there are reported 
white sandstone 235 to 237 feet and 252 to 255 feet, gray 
shale 255 to 262 feet, brown sandstone 262 to 265 feet, white 
sand 283 to 286 feet, and gray shale 286 to 291 feet.

Railroad well No. 4 is 465 feet deep. This well is some 
distance from the others and enters the Dakota sandstone 
at 170 feet under 9 feet of sandy shale, which may pos 
sibly be Dakota also. It is overlain by 31 feet of soft white 
clay, which underlies the usual black shale and which is not 
reported in other wells. The strata penetrated are reported 
as follows:

Record of Dakota sandstone in railroad well No. 4, Syracuse, Kans.

Sandstone, gray, water bearing _ .____ _ _ _ _ _ __ __

Sand and shale_ _______ __ ___ _ _ . _ _ _ _ _ _
"Limestone" _ _ ___ _ _ ___ _ __ _ _ _ __. _
Clay, white..--.... __ _ __ _ __ __ . __ _ _
Sandstone, gray, much water _ _ _ __ ..__ _____

Sand, dark _ ._ _ __ __ ___ - __ .-_-._ _ __ _ _
Shale

Shale, sandy, dark _ __ ___ _ _ _____ _ _ __ _

Thick 
ness.

Feet. 
12

38

3

1
31

12

13

26

94

35

23

Depth 
to base.

Feet. 
182

220

223

224

255

267

280

306

400

435

458

Below the sandy shale, which may be older than the Dakota, 
is 7 feet of red variegated shale, presumably of the Cimarron 
group.

The 537-foot boring at Kendall passed through the Dakota 
sandstone and some underlying shale of unknown age, and 
from 496 to 537 feet is in the Cimarron group. The following 
record is given :

Record of Dakota and associated strata in boring at Kendall, Kans.

Sandstone (top of Dakota) __ _ _ __ _ .. _ __ __

Clay _______________________________________________________
Sandstone, gray, soft water _ __ ___ __ _ ________

Sandstone, gray ___ _ _ _ __ __ __ _ __ _ _ __._ __ .
Shale, very hard in center _ _ __ ___ _ _ _ _ _ _
Sandstone, gray, soft water _ __ _ ___._ . __ ___ _
Shale___ __ _ _ ________ __--_ __ _ .-._-__. __ -_--._

Shale____ __ ____.__-_.___-_-__-__----_-_-_-___-__._________
Sandstone, black __ ___ __ __. __ __ __ _ __.. __ _ __
Shale
Sandstone, gray, soft water __ ___ __ _ __ _ __ __
Shale, gray ___ ___   ___ __     _     _____ ___ _
Sand, brown __ _.__ ___ _ _ ___ . _ ___ __ _ __ _ _
Clay, brown below _ _ ___ _ _ ___ _ __ _ _ .._ _
Clay, sandy ___ _. __ __. _ ____ __ ______ _ _ __
Sandstone, light gray _ __ __ __ _ __ _ __ _ __

Hard layer _ __   _ _. _ _ _ __ ___ _ __ _ __

Thick 
ness.

Feet. 
53

56

2

3

38

2

13

48

53

23

6

35

2

14

19

58

5

23

23

17

3
34

3

4

Depth 
to base.

Feet. 
53

109

111

114

152

154

167

215

268

291

297
332

334
348

367

425

430

453

476

493

496

530

533

537

Probably the three lowest beds are strata below the Dakota (or 
Purgatoire ?), the basal member of which is assumed to be the 12 feet of 
gray sandstone (452 to 464 feet).

It is possible that the base of the Dakota sandstone is at a 
depth of 367 feet at the bottom of the 19-foot bed of water 
bearing gray sandstone. The underlying shale and sandstone 
(367 to 496 feet) would then represent Comanche sediments 
(Purgatoire formation of eastern Colorado) or the Morrison 
formation.

In a 535-foot well in the SE. { sec. 9, T. 25 S., R. 41 W., 
7 miles southwest of Syracuse, the Dakota sandstone is entered 
at a depth of 250 feet under 40 feet of "hard sandy shale" and 
apparently continues to 532 feet; it may also comprise the 3 
feet of black shale at the bottom of the boring. The following 
strata are recorded:

Sandstone
Clay, white ___ __ ___ __ _ __ _ __ _ __ _.__ _ . _

Shale, hard, sandy __ ______ _ __ _ .. __ _ __
Clay, white. _.. __ _ __ _ _ __. ___ _ _ ___ ._ _

Rock and clay _ ___ __ _______ _ __ ____ _ _.
Sandstone, gray _ ._ ____ __ __ _ _ __ __ . _ __ _
Shale, hard, sandy __ _____ __ _-_ __ __ ___ _
Sandstone, gray __ . __ _' _ _ _ _. _._ _ _
Clay, brown and white __ _ __ _ __. ___ ... __ _ _ ___
Sandstone and clay, alternating thin beds. _..._ . -__-__
Sandstone, light gray __ __ _ __ __ __ _ __ __ _ __
Shale, black (age ?) __ _ _ _ _ _ __ _ _ _ _ ______ _ _

Thick 
ness.

Feet. 
20

35

13

12

40

20

26

14

30

15

35

20

12

3

Depth 
to base.

Feet.
270

305

318

330

370

390

416

430

450

465

500

520

532

535

A 362-foot well in the NW. ± sec. 33, T. 25 S., R. 41 N., 
enters Dakota sandstone under black shale at a depth of 140 
feet and penetrates the following beds:

Partial record of Dakota sandstone in well in NW. 
R. 41 W., near Syracuse, Kans

sec. 33, T. 25 S.,

Sandstone, gray __ __ _ ____ __ _____ __ _. __ . .
Clay, white __ _____ __ ___.___-__ __. __ __
Shale, hard, sandy _ _.__ ___ ____________ _ _ ___ __ __
" Limestone "(?) _ _ __ _ ________ _______ __
Shale, hard, sandy ______ ___ ___ __ __... _..
Sandstone, gray__ _ _ __ _ _____ ._. __ _ __._
Clay, white __ __ _ __ __ _____ _ _ _ __ _ _

Thick 
ness.

Feet. 
40

30

50
22

23

53

4

Depth 
to base.

Feet. 
180

210

260

282

305
358

362

A 232-foot well in the NE. J sec. 27, T. 25 S., R. 41 W., 
enters Dakota sandstone at 170 feet under 34 feet of hard 
sandy shale and penetrates the following beds :

Partial record of Dakota sandstone in well in NE. 
R. 41 W., near Syracuse, Kans.

sec. 27, T. 25 S.,

Sandstone _ _ __ ______ __ _ _ _ _ __
Clay, white. . _ __ _ _ __ __ . _____ _ ._
Limestone
Sandstone _____ ___ _ __ _ ___ _ _ _ __ _____ ..___
Clay, white _ .

Thick 
ness.

Feet. 
15

15

10

20

2

Depth
to base.

Feet. 
185

200

210

230

232

In the well at Santa Fe, a few miles east of the southeast 
corner of the Lakin quadrangle, the Dakota sandstone appears 
to extend from the base of 13 feet of limestone (Greenhorn?) 
at 357 feet to the Cimarron group at 620 feet, a thickness of 
263 feet.

In a boring in the northwestern part of Garden City, 6 miles 
east of the northeast corner of Lakin quadrangle, the Dakota 
appears to have been entered at 461 feet, but its thickness can 
only be surmised from meager data as from 250 to 300 feet.

A boring 1,160 feet deep in the northwestern part of Morton 
County, about 9 miles due south of the southwest corner of the 
Syracuse quadrangle, enters Dakota sandstone at 118 feet 
under sand, gravel, and clay, and penetrates the following beds 
which are regarded as Dakota sandstone: Yellow shale, 17 
feet; blue sandstone, 35 feet; blue-shale, 80 feet; and white 
sandstone, 125 feet; total, 257 feet. The underlying rocks 
are of the Cimarron group.

Character in outcrops. Most of the Dakota sandstone is a 
brown, massive to thin-bedded, fine-grained rock. It is in 
bodies mostly from 5 to 25 feet thick, separated by light- 
colored shale or clay, which in places is reddish, purplish, 
or yellow. (See Pis. Ill and IV.) On Bear Creek southwest 
of Johnson, in a bank 20 feet high, the following beds dip 
gently eastward:

Section of Dakota sandstone on Bear Creek 10 miles southwest of Johnson,
Kans.

Feet.
Sandstone, thin bedded, soft._____________________  __ 5
Sandstone, thin bedded, hard________________________ 8
Clay, gray, sandy, with thin bed of sandstone cemented by 

iron oxide __________ ._____.__________________ 3
Sandstone, hard, massive, compact.________________ 4

A mile farther upstream 8 feet of the sandstone appears and 
is capped by grit and conglomerate of the Ogalalla formation. 
Half a mile farther southwest is an exposure (see PL IV) 
showing the following beds:

Section of Dakota sandstone in NW. \ sec. 14, T. 29 S., R. J$ W., 12 miles 
southwest of Johnson, Kans.

Feet.
Sandstone, soft____________ _________  _     ______ 3
Sandstone, hard, brown to buff, massive___-___-____-____ 4
Clay, light gray, sandy, with thin beds of brown sandstone 6
Sandstone, hard, massive _________________________        4f-
Clay, gray, shaly, with 6-inch ironstone layer near base ____ 12

The beds are considerably eroded and their irregular surface 
slopes southwest under the grit of the Ogalalla formation. In 
the southwest quarter of the same section, however, there is 
another prominent exposure with the following components:



Section of Dakota sandstone in SW. J sec. 14, T. ?9 S., R. 43 W., 12 miles 
southwest of Johnson, Kans.

Feet. 
Sandstone, thin bedded _______________________ 6
Sandstone, massive ______ _____...__..__._____.__._________ 10
Shale, dark________________. _______ ___ 3 
Clay, thin sandstone, and ironstone______________________ 8
Sandstone and shale, thin bedded_______________________ 4
Sandstone, gray, in part inassive___- ______________________ 8

The 10-foot massive sandstone in this section is the same as 
the 4-f-foot bed in the preceding section.

The Dakota sandstone outcrops at intervals in draws and 
along the lower slopes on the southern or Bear Creek side of 
the ridge from sec. 27, T. 26 S., R. 40 W., to sec. 12, T. 26 S., 
R. 42 W., and doubtless it is under the wash at many other 
points in this slope. The southeastern exposure in this belt is 
in a draw in the SW. ± sec. 27, T. 26 S., R. 40 W., where 
the rock has been quarried to some extent. A thickness of 
8 feet of beds is exposed, mainly thin-bedded, fine-grained, 
light-colored sandstone. Its irregularly eroded surface is over 
lain by Ogalalla grit and slopes down to the south.

The exposures in the large draw 15 miles south of Syracuse 
are near the main road to Johnson. They begin a mile north 
of bench mark 3,365 and extend to bench mark 3,362 in an 
almost continuous outcrop. They consist of scattered ledges of 
buff to brownish sandstone, mostly thin bedded, that contains 
intercalated gray and buff shale and clay, which in places has 
a purplish tint. About 80 feet of these beds which are 
exposed lie nearly level but are capped by grit of the Ogalalla 
formation on an irregular plane, which slopes to the south. 
The sandstone outcrops at intervals west of this draw, and it 
has been quarried to some extent in the NW. £ sec. 17 and in 
sec. 27, T. 26 S., R. 41 W. In these quarries the sandstone is 
of the usual character, a buff, moderately fine grained, moder 
ately hard rock, in beds which differ in thickness. In the 
northeastern part of sec. 7, T. 26 S., R. 41 W., the thin- 
bedded buff sandstone which is exposed in the bottom of a 
draw is overlain by 30 feet of dark Graneros shale. The last 
exposure to the northwest is in a draw in the eastern side of 
sec. 12, T. 26 S., R. 42 W.

The Dakota sandstone outcrops in low ledges along the 
south bank of Arkansas River 2 miles southwest of Hartland. 
These ledges extend for a hundred yards and consist of a hard 
bed of gray to buff sandstone underlain by softer material. 
The beds appear to lie nearly horizontal, but probably they 
are brought to the surface by a low anticline.

Fossils. The only fossils found in the Dakota sandstone are 
a few fragments of plant stems in sec. 24, T. 26 S., R. 41 W., 
15 miles south of Syracuse, which F. H. Knowlton regards as 
probably Equisetum. From this vicinity St. John * reports 
leaves of Salix.

GRANEROS SHALE.

Distribution. The Graneros shale underlies a large part of 
the Syracuse and Lakin quadrangles, but it is soft, in places 
deeply eroded, and for the most part so much covered by 
Tertiary and Quaternary deposits that it rarely crops out. It 
underlies the high ridge that extends across the southern part 
of Hamilton County, where a few of the deeper draws afford 
exposures of most of its beds. It is covered by alluvium and 
dune sand in the valley of the Arkansas in the vicinity of 
Syracuse, and farther east past Lakin, except in an interval 
from a point near Kendall nearly to Hartland. The most 
extensive exposures are a mile east of Sutton Siding, where it 
outcrops in the north bank of the river, in railroad cuts, and 
in the slopes north of the railroad. The river valley cuts 
entirely through it near Kendall and Hartland, as indicated by 
records of wells near Kendall and an outcrop of Dakota sand 
stone west of Hartland. Its southern limit is not located. 
In the Lakin quadrangle it probably underlies part of the 
sand-hill belt and some of the highlands to the southeast; in 
the Syracuse quadrangle it probably extends southward across 
the greater part of Stanton County. Wells in Syracuse are 
reported to enter it from 20 to 30 feet below the surface and 
to reach its base at depths of 122 to 193 feet.

Character. The Graneros shale is a soft dark-gray shale, 
mostly fissile. It contains thin beds of gray sandstone and a 
thin layer of fossil oysters near the top. In the extensive 
exposure in the river bank and railroad cut half a mile east 
of Sutton Siding 40 feet of the shale is visible and is capped 
by slabby beds of the Greenhorn limestone. Two 4-inch layers 
of fossil oysters, determined by T. W. Stanton as Ostrea 
congesta, lie 20 feet below the contact. This outcrop extends 
for several miles east and west along the slopes just north of 
the railroad, but in most places the beds are concealed by 
wash. The shale is dark gray and mostly in thin splintery 
layers, easily separable. Some layers are composed of thin 
slabby sandstone. A small outcrop of the top beds appears 
in a ditch 1|- miles west of Kendall.

The Graneros shale that outcrops in the draws near the 
southern slope of the ridge in T. 25 S., R. 42 W., is dark shale 
that carries thin sandstone and limy layers, and the exposures

x St. John, O. H., Notes on geology of southwestern Kansas; Kansas 
Board Agr. Fifth Bienn. Kept., p. 145, 1887.

Syracuse and Lakin.

are small and considerably obscured by talus. One of the 
clearest exposures is in a draw near the center of the north 
half of sec. 36 in this township. Here 30 feet of the shale is 
exposed and is capped by grit and conglomerate of the Ogalalla 
formation. Fossils collected in this vicinity and in draws 20 
miles southeast of Syracuse were determined by T. W. Stanton 
as Inoceramus fragilis and Metoicoceras swallowif

Thickness. The thickness of the Graneros shale is some 
what difficult to determine from the outcrops, for none of the 
exposures exhibit all the beds. In the slopes north of Irene 
the thickness appears to be about 150 feet and in the slopes 
west of Hartland about 80 feet.

In one of the wells at Syracuse the shale that extends from 
28 to 161 feet is probably Graneros and comprises all of the 
formation except possibly a few feet at the top that may 
have been removed by erosion; the 30 feet of white clay 
reported from 130 to 161 feet is a peculiar feature; and the 
dark-brown sandy shale from 161 to 170 feet may be a tran 
sition member to the Dakota sandstone. In an earlier well 
Graneros shale is reported from 21 to 193 feet; the lower 8 
feet is given as "joint clay"; and a 1-foot bed of limestone is 
mentioned at 51 feet. A well in the northern part of the 
town, which began near the top of the formation, passed 
through shale to a depth of 153 feet. A well in the SE.  £  sec. 
9, T. 25 S., R. 41 W., passed through strata reported as black 
shale from 30 to 210 and from 210 to 250 feet through hard 
sandy shale underlain by Dakota sandstone. These beds 220 
feet in thickness included the greater part of the Greenhorn 
limestone and all of the Graneros shale. Black shale that 
extends from 22 to 140 feet and overlies Dakota sandstone in 
a well in the NW. £ sec. 33, T. 25 S., R. 41 W., is probably 
mostly if not all Graneros. The beds reported as black shale, 
118 feet in thickness, which are underlain by 34 feet of hard 
sandy shale that overlies Dakota sandstone in a well in the 
NE. \ sec. 27, T. 25 S., R. 41 W., probably include some 
Greenhorn beds. A well in the northeast corner of sec. 32, 
T. 27 S., R. 42 W., passed through clay from 20 to 150 feet, 
and then penetrated soft sandstone. A boring at Garden City 
penetrated 150 feet of Graneros shale that underlies a very 
thick body of quicksand at a depth of 311 feet and extends to 
the supposed top of the Dakota sandstone.

In the well at Santa Fe, not far east of the southeast corner 
of the Lakin quadrangle, 13 feet of hard blue limestone which 
lies on the water-bearing sandstone at 337 feet appears to be 
Greenhorn limestone, and, if this is the fact, the Graneros shale 
is locally absent. This limestone is overlain by 160 feet of 
blue shale. A similar feature is reported in the well in the 
northwest corner of T. 28 S., R. 33 W., where 20 feet of "hard 
blue rock" that lies on Dakota sandstone at 325 feet may 
also be Greenhorn.

GREENHORN LIMESTONE.

Distribution. The northern portions of the Syracuse and 
Lakin quadrangles are underlain by Greenhorn limestone, but 
the formation is mostly so covered by the Ogalalla formation 
and wash that outcrops are not extensive. In Hamilton 
County the formation extends southward across the high ridge 
south of the river, but its southern margin is mostly concealed 
by later deposits. It is deeply trenched by the river valley, 
which is excavated into the underlying Graneros shale in most 
of the area. Its southern limits in Kearny and Finney 
counties are not located, owing to the cover of dune sand and 
the Ogalalla formation, and it is not definitely known to 
extend south of the river in those counties. Its distribution 
beneath the surface in the vicinity of Lakin is also unknown, 
owing to the cover of the Ogalalla formation which is over 
lapped by the alluvium. There are extensive outcrops about 
Kendall and for some distance westward and eastward nearly 
to Hartland. The quarries a short distance northwest of 
Syracuse furnish excellent exposures, and there are scattered 
outcrops in draws along the slope of the ridge south and 
southwest of Syracuse.

Character. The Greenhorn limestone consists of beds of 
hard, slabby limestone separated by shale features which 
characterize it in the region to the west. The limestone beds 
are mainly from 4 to 12 inches thick and the intercalated beds 
of shale range from 3 to 10 inches in thickness for the most 
part. The shale is black when fresh, but it usually includes 
some limy layers which weather buff. The limestone varies 
considerably in character, for some beds contain much sand or 
clay, and it weathers to a light buff. Many layers contain 
impressions of Inoceramus labiatus, the characteristic fossil of 
the formation. (See PL V, B.) The limestone is exposed in 
contact with Graneros shale in places, notably in the railroad 
cut half a mile east of Sutton Siding, where the usual abrupt 
change from shale to limestone is exhibited. The formation is 
capped by conglomerate of the Ogalalla formation, which lies 
on an irregular erosion surface.

Thickness. Where the Greenhorn limestone is exposed its 
thickness ranges from a few inches to 40 feet, but in no place is 
a complete section revealed, so that the total thickness is 
unknown. Probably it is about 60 feet.

Fossils. The limestone contains many impressions of the 
characteristic Inoceramus labiatus mentioned above, a fossil 
which is especially abundant in the layers of shale that sepa 
rate the limestone beds. (See PI. V, B.) T. W. Stanton has 
examined microscopically some of the limestone from the 
quarry near Syracuse and found that it contains somewhat 
abundant Foraminifera of the genus Qlobigerina, which is com 
mon in most Cretaceous chalks and chalky limestones and is 
widespread in the present oceans. Exposures in a canyon in 
sec. 11, T. 25 S., R. 41 W., 8 miles southwest of Syracuse, 
yielded remains of Inoceramus labiatus and Globigerina.

CARLILE (?) SHALE.

No outcrops were found of the Carlile shale, which is next 
above the Greenhorn limestone in regular succession, but pos 
sibly a thin body of this shale underlies part of the high table 
land north of Kendall and Hartland, and comes in above the 
Greenhorn limestone as the base of the Ogalalla formation 
rises to the north.

TERTIARY SYSTEM. 

OQ-ALALLA FORMATION.

Distribution and outcrop. Most of the highlands of the 
Syracuse and Lakin quadrangles is occupied by the thick sheet 
of sand and gravel of late Tertiary age which constitutes the 
surface of the Great Plains in the western Kansas region. (See 
Pis. I and II.) This formation, the Ogalalla, extends across 
Haskell, Grant, and Stanton counties, and although its surface 
has been considerably eroded in places its base is not cut 
through, except by Bear Creek, west of Johnson. It caps the 
high ridge that extends across the southern part of Hamilton 
County, but where it is cut through by some of the draws the 
underlying Dakota sandstone, Graneros shale, and Greenhorn 
limestone are exposed. It constitutes the high plain north of 
the river at Syracuse, Kendall, Hartland, and Lakin, and 
though the river trenches it widely from Syracuse to Hart- 
land its base near Hartland descends to and probably below 
the edge of the alluvium that fills the valley a condition 
which continues for many miles eastward. The formation 
is well exposed at but few places, for most of the area is 
covered with sod or the surface is mantled by soil and wash. 
The materials which are mostly sand and sandy loam are not 
at all distinctive in appearance and do not give rise to prom 
inent exposures. Many of the draws, even the large ones, 
have sloping sides covered with sod or talus. In places, how 
ever, there are cut banks, notably along Bear Creek west of 
Johnson, on the ridge that extends across the southern part 
of Hamilton County, and in some of the draws in the edge 
of the table-land on the north side of the valley from Syracuse 
to Lakin.

Thickness. The thickness of the Ogalalla formation differs 
greatly from place to place. As the formation generally slopes 
downward into the larger valleys, which were outlined before 
the formation was deposited, it appears to be thicker than it 
really is. Well records give the most reliable figures. The 
State well on the plateau 5 miles north of Kendall apparently 
penetrates the formation for 192 feet, the depth at which the 
underlying shale is entered. In the State well 6 miles north of 
New Ulysses the beds regarded as Ogalalla are 212 feet thick 
and are underlain by shale. The well at Johnson penetrates 
180 feet of loam and ' soft sand, all presumably Ogalalla, 
before it reaches the Dakota sandstone. In the well at Santa 
Fe, in the Garden quadrangle, a few miles east of the east 
margin of the Lakin quadrangle, the Ogalalla beds are 226 
feet thick; in another well half a mile south of Santa Fe 
they are 286 feet thick; and in a well 6 miles southwest of 
Santa Fe they are 180 feet thick.

Character. The principal material of the Ogalalla forma 
tion is (sand, which differs in texture from place to place and 
in different beds. In most places there are at several horizons, 
especially toward and at the base, deposits or streaks of small 
gravel mixed with the sand in greater or less amount, and 
much of this coarser material^ cemented into a Ioos6 con 
glomerate or coarse sandstone. Throughout the formation 
irregular bodies of calcium carbonate have been deposited 
about the sand grains and make a soft "grit," as it is 
termed. This material ranges in texture from coarse con 
glomerate to a fine-grained mixture of calcium carbonate and 
silt, often called "magnesia." Some of the limy layers con 
tain a large proportion of calcium carbonate, one notable 
example of which is a thin bed of nearly pure limestone 
which caps the high summits in the northwestern part of 
T. 25 S., R. 42 W., and outcrops in the draws in the south 
ern part of T. 26 S., Rs. 39 and 40 W., and in the northern 
part of T. 27 S., R. 39 W.

In a draw a mile east of Kendall the ledges of Greenhorn 
limestone are capped by a conglomerate that consists of frag 
ments of the limestone in a matrix of calcium carbonate. A 
loose calcareous conglomerate appears in a small quarry on 
the north side of North Fork of Cimarron River 3 miles 
southeast of New Ulysses. It is about 75 feet above the. 
stream.
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Some of the most extensive exposures of the formation occur 
along the slopes north of Bear Creek and its north branch 
near the line between Hamilton and Stanton counties. One of 
these exposures in the northern part of T. 27 S., R. 39 W., 
shows 15 feet of beds, at the top of which is a layer of friable 
sand and below this are layers of fine sand, which contain 
streaks of gravel and limy nodules and layers of coarse cal 
careous grit, in part compact. The gravel consists partly of 
feldspathic rocks from the Rocky Mountains. In the northeast 
corner of this township the gray grit and conglomerate overlie 
a pink loam. In the northwestern part of the same township 
the formation includes a conspicuous bed of limestone which is 
3 feet thick in places. This limestone lies on brown gravelly 
loam, and in sec. 6, where it is exposed, it is overlain by 30 
feet of coarse conglomerate and grit, and these beds are over 
lain by 30 feet or more of brown loam. In the township to 
the northwest this limestone lies on the surface of Dakota 
sandstone. In sec. 9, T. 27 S., R. 39 W., the limestone lies 
on sand and is overlain by coarse gray grit and conglomerate 
and loam. The pebbles in the grit are derived from the rocks 
of the Rocky Mountains.

The formation is exposed at intervals in bluffs along Bear 
Creek west of Johnson. The ledges of Dakota sandstone in 
the southwest corner of the Syracuse quadrangle are capped by 
8 to 15 feet of characteristic light-colored conglomerate and 
grit. Along the southern margin of sec. 33, T. 28 S., R. 42 W., 
there is a 25-foot bluff of dirty brown loam of distinct pinkish 
tint which constitutes the north bank of Bear Creek. This 
loam and the brown sand into which it merges extend along 
the creek in banks 10 to 25 feet high in T. 28 S., R. 41. W., 
northwest of Johnson. In one bluff along the creek 2 J- miles 
northwest of Johnson there is 12 feet of pale-pinkish loam at 
the base overlain by fine gray loam, some of which becomes 
dark in part of the exposure. A bank 4 miles due north of 
Johnson consists of compact pinkish loam with limy nodules, 
overlain by coarse pale-brown loam.

Some of the gravel and sand reported in wells in Tps. 27 
and 28 S., Rs. 41 to 43 W., is probably Ogalalla, but their 
identity is difficult to establish from the well records that are 
available. The same difficulty is encountered in the broad low 
area northeast of Johnson.

The record 1 of the State well in the NW. J NW. 1 sec. 36, 
T. 29 S., R. 37 W., in Grant County, shows the succession of 
the strata that constitute the Ogalalla formation.

Record of Ogalalla formation in State well 6 miles southeast of New
Ulysses, Kans.

Record of Ogalalla formation in State well 5 miles north of Kendall, 
Kans. Continued.

Top soil __ _______ ___ - .   ------- --.. _____  
Clay and "gypsum a "_ _ . __.. _ __ __ -   __ _
Ashy __ - ____.-
Sand, red hard

Sand, red __ __ ___ __ ___ __-. __ -------- - _. ..
Clay and "gypsum," very hard .... _ _.__.__. . _ . -
Sand, red, hard.. __ ... _ __ __ __ . _ - _._ _        
Sand, gray, soft __ ___ __ ._ . 1 _ . _._ .. -  
Sand, red, hard below _ __ __ _ -.... __ -
Clay, sandy, hard __ __ _ - ___.       _ - -
Clay_- _ . __ _. __ _-_-.-_- -- _ ___._____.  _______ _

Clay, red, hard, dry __ ._ . . . _ _. . __..._.- __ ___
Sand, red, water bearing _ . _' . - _______ __.

"Gypsum," hard, dry _ ___ .. __...__ _ ___.__..
Sand, water bearing __ _ ._ _.__ _._ __ - ___._.___

Sand, coarse, water bearing . _ ___ _ ______ _ ___.
Clay, red, dry _ _ __ _.___-.
Sand, water bearing _ _ _ _. _______-_-   - _.. _.
Joint clay, water bearing __ _ __ _ _ _ _ ______'

Thick 
ness.

Feet. 
2

6
8
5

14
35

9
12
2

16
11
4

20
4
5
1
3
8
5
01 «_ 

12^
14
3

10

Depth 
to base.

Feet.
2
8

16
21
35
70
79
91
93

109
120
124

. 144
148
153
154
157
165
170
17&J
185
199
202
212

"The so-called gypsum is probably a mixture of sand or clay and calcium 
carbonate.

Under the water-bearing sand at 212 feet are 8 feet of dry 
"rock" and 11 feet of blue shale, doubtless Graneros shale. 
The "red" material is probably pinkish sand, which appears in 
many places in the Ogalalla sediment.

The record 2 of the State well 5 miles due north of Kendall 
or half a mile north of the north margin of the Syracuse quad 
rangle illustrates the succession of Ogalalla . beds on the High 
Plains in that region. 

Record of Ogalalla formation in State wells miles north of Kendall, Kans.

Soil . ----- -----
"Gypsum" ___ __ 1 ._. ' _ _. _ -__.     .. -  

Rock, solid ___ - -._______ ___..___ ----- ... - -. -_
Sand and gravel _ _._ _ .__ __ _._-_.____ _.___. - -   

Thick 
ness.

Feet 
8

6
57
28

6

Depth 
to base.

Feet. 
8

14

71

99
105

"Gypsum," red __ __ __.._____. __ -__ ______ _ .
Clav, sandv _ _...__. _

Sand, yellow, fine . __ _ ___ _____ _______
Gravel ___ __ __ __ _ __ _ _  . ____ __     __ _____
Clav
Sand and gravel, water. __ _ _ __ _ _ _.._.. _._ __._ _

Sand, fine __ __._ ___ _ __ ___ -   __ ___..__ _ ____

Thick 
ness.

5
20
12
13

9
6

10
7
5

Depth 
to base.

110
130
142
155
164
170
180
187
192

The so-called gypsum probably is a fine-grained mixture of 
clay or sand and calcium carbonate. Below the fine sand is 
compact yellow shale, probably Carlile, which is penetrated 4 
feet.

In the boring at Santa Fe the Ogalalla beds reported comprise 
46 feet of loam and limy earth, 94 feet of limy grit with hard 
layers, much sand and pebbly streaks, 86 feet of alternations 
of buff, clayey, and sandy layers, with 10£ feet of water-bearing 
sand at base.

Correlation and age. The Ogalalla formation is believed to 
be a stratigraphic unit and to be continuous from the type 
locality near Ogalalla station in western Nebraska. Hay sup 
posed that the deposits comprised two formations, the "Plains 
marl" at the top and "mortar beds" below, but later studies by 
Haworth, Adams, and others have shown that these apparent 
divisions are local features and that generally fine-grained 
sediments alternate with the coarser "mortar beds" at different 
horizons. It is possible that the 300 feet or more of beds that 
constitute the Ogalalla formation comprise deposits elsewhere 
separable, even including locally in their upper part a 
representative of the McPherson formation,(" Equus beds"). 
Apparently, however, no separation is practicable in this 
region. Originally the entire formation was known as " Loup 
Fork beds," but this term also included the Arikaree forma 
tion, which is older than the Ogalalla formation and appar 
ently does not extend into Kansas.

Although no fossils have been obtained in or near the 
Syracuse and Lakin quadrangles, many bones have been found 
in the Ogalalla area elsewhere in Nebraska and northern 
Kansas. The bones range in age from very late Miocene to 
early Pleistocene, indicating a longer range in time than 
would appear to have been required for the continuous depo 
sition of the Ogalalla formation. Most of the material of this 
formation appears to have been laid down rapidly by streams, 
although the fine-grained strata required considerable time for 
their accumulation. It is believed that the bones of Pleisto 
cene age found in some places are in local deposits of later age 
that overlie the true Ogalalla, which appears more likely to 
have been laid down in Pliocene and late Miocene time. In 
the valleys and also in places on the uplands the Ogalalla for 
mation grades up into fine sands and silts, which appear to 
have been carried and deposited by the wind at various times 
from Tertiary to very recent. In part these are the Plains 
marl of Hay, and fossils found in them are Recent.

QUATERNARY SYSTEM.

ALLUVIUM.

Distribution. The alluvial flat along Arkansas River is 
underlain by sand and gravel, in greater part from 30 to 50 
feet thick. At Syracuse and Kendall this flat is about 2 miles 
wide, but east of Hartland it gradually widens, and at Deer- 
field it is 6 miles wide. At many places north of the fiver the 
northern limit of the alluvial deposits is well defined by the 
rise of the valley slope, but south of the river the alluvium is 
overlain by dune sand, which completely hides its southern 
margin. There is considerable alluvium in the valleys of 
Bear Creek and North Fork of Cimarron River and in some 
of the larger draws, but it merges into the wash of the adjoin 
ing slopes. The mantle of wash is widespread on much Of the 
area, and it has been working down the slopes for a long time. 
In places its thickness is 15 to 20 feet, but owing to its irregu 
larity and its lack of distinctive features it can not be repre 
sented on a map.

Thickness. The thickness of the alluvium differs in differ 
ent places. In a well at Syracuse the underlying Graneros 
shale is reached at a depth of 21 feet, whereas at Kendall 53 
feet of soil, gravel, and sand are reported. The river bank 
2 miles east of Hartland, where it is 25 feet high, is all 
alluvium and the base of the deposit is not there visible.

Character. The alluvium consists mainly of sand and silt 
that have been deposited by the streams. Streaks of gravel 
occur irregularly. The deposit is not exposed in cross section, 
but wells in the river flat show its character. The railroad cut 
a mile east of Hartland is in gravel, and a thick body of this 
material was formerly quarried for railroad ballast 4 miles east 
of Syracuse.

western parts of Finiiey and Haskell counties. The general 
appearance of similar dunes is shown in Plate VI. Consider 
able sand of similar origin also extends southward from the 
sand-hill belt, especially on the northern slope of the ridge 
southwest and south of Syracuse and Kendall. Locally also 
the sand of the Ogalalla formation has been blown about by 
the wind, but no marked dunes had been formed except in a 
small area north of Johnson. The sand in the dunes south 
of the Arkansas is probably in places 100 feet thick.

STRUCTURE.

The strata under the central Great Plains are nearly hori 
zontal but have low dips in different directions. In the 
Syracuse and Lakin quadrangles the Cretaceous beds slope 
very gently eastward in general (see PI. Ill) but have some 
broad, low undulations. At Syracuse the top of the Dakota 
sandstone is about 3,062 feet above sea level; at Kendall, 
3,070 feet; the outcrop southwest of Hartland is 3,040 feet; 
and east of Hartland the sandstone slopes gently eastward to 
about 2,370 feet in wells at Garden City. South of Syracuse, 
however, the sandstone rises steeply and reaches an altitude of 
3,420 feet in the southeastern portion of T. 25 S., R: 42 W. 
At Johnson, at a depth of 180 feet, the altitude is about 3,150 
feet, and in the outcrops on Bear Creek in the southwest 
corner of the Syracuse quadrangle, it is 3,525 feet. Here the 
easterly dip is plainly perceptible. These altitudes indicate a 
general rise to the west and a local irregular doming on an 
axis that extends northeastward across the center of the 
northern half of the Syracuse quadrangle and that probably 
continues with diminishing height to Lakin. The principal 
facts bearing on this subject are given in the following table, 
and although some of the well records are not altogether satis 
factory as to depth and identity of material, the data afford a 
very satisfactory basis on which to represent the structure by 
contour lines drawn at the top of the Dakota sandstone, as 
shown in figure 4. Wells and outcrops of overlying forma 
tions have also been used somewhat in locating the contour 
lines.

SYRACUSE QUADRANGLE LAKIN QUADRANGLE

FIGURE 4. Map showing altitude and structure of the Dakota sandstone 
in the Syracuse and Lakin quadrangles.

Outcrop of Dakota sandstone (at or near surface) indicated by ruled pattern. Figures show 
altitude of bedrock in wells and at surface.4' Contour interval, 100 feet; datum, mean sea 
level.

Position of top of Dakota sandstone in Syracuse-Lakin area.

Location.

Syracuse: 
Railroad, well No. 4 __ ... . __ ... _
Rogers well. __ _ . _ . __ __ . _ -. _
City well . _

SW. i SW. i sec. 34, T. 24 S., R. 42 W ..__.____.
NE. isec. 27, T. 258., R. 41 W .____.___..--.-_.
SE. Jsec. 9, T. 25 S., R. 41 W-,_._  _.   . ------
NW. i sec. 33, T. 25 S., R. 41 W  . ________-  _
Northeast corner sec. 32, T. 27 S,, R. 42 W   
Center sec. 12, T. 25S./R. 42 W  _.._.._______
Center sec. 34, T. 25 S., R. 42 W ________________
SE. i sec. 18, T. 27 S., R. 40 W .... _______: ___.
SE. Jsec. 13, T. 25 S., R. 40 W _____ ___..___.___
SW. i sec. 3, T. 27 S., R. 41 W __________________
SE. iSE. isec. 20, T. 25 S., R. 42 W  .___.____
NE. i sec. 2, T. 25 S., R. 42 W '__. .. _...__.__.____
NW. i NW. i sec. 4, T. 25 S., R. 42 W __________
Johnson ____ _ _
SW. i sec. 13, T. 25 S., R. 43 W ___________
NW. i NW. i sec. 12, T. 25 S., R. 43 W _________

D 6 ranch, l£ miles southeast of KendalL- ___ _
Lombard ranch, 1| miles southwest of KendalL 
Lakin
Deerfield, 1 mile northwest of_ ._.__ _ __ _
Olive, southeast of, northeast corner T. 28 S., 

R. 83 W_____     __   . . -  - __
Garden City __ - - _ __ . _ .--- .__ __ __

Altitude 
of 

surface."

Feet. 

3,230
3,235
3, 225
3,230
3,498
3,545
3, 540
3,560
3,485
3,520
3, 420
3,255
3,312
3,331
3,400
3,475
3,330
3,555
3,540
3,595
3,123
3,115
3,153 
2,991
2, 985

3, 000
2,829

Depth to 
top of 

sandstone.

Feet. 

170

168
122
153
248
170
250
140
150
180

60
fi5

92
111
200
260
180
265
206
290
53
35
83 

156
260

325
311

Altitude of 
top of sand 

stone."

Feet. 

3,060
3,067
3,103
3,077
3, 250
3,375
3,290
3,420
3,335

63, 340
3,360
3,190
3, 220

C3, 220
3,200
8,215
3, 150
3,300

<*3,-334

3,305
3,070
3,080
3,070
2,835
2,725

2,675
2,370

DUNE SAND.

Kansas Board of Irrigation Survey and Experiment Rept. 1895-96, pp. 
20-21, 1897. 

9 Idem, p. 17.

Dune or wind-blown sand occupies a belt along the south 
side of Arkansas River, which has a breadth of 5 miles near 
Syracuse and gradually widens eastward to 18 miles in the

a Mostly approximate.
6 Contains 18 inches of coal.
0 Sandstone 25 feet thick, at depths of 111 to 136 feet.
<* Contains 30 feet of sandstone.

The wells in T. 25 S., Rs. 42 and.43 W., do not throw 
much light on the position of the Dakota sandstone because of
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FIGURE 5.

indefinite records. The Hutchinson well (360 feet) and the 
Griggs well (385 feet) report only about 75 feet of sandstone. 
It is probable, however, from the structure and outcrops of over 
lying beds near by that they penetrate the Dakota sandstone 
for double that distance, but perhaps the top beds are shaly 
and were not recognized. In a well in the SE. \ sec. 2, T. 25 
S., R. 41 W., the sandstone was probably entered at a depth 
of 200 feet, according to outcrops of Greenhorn limestone near 
by, but no record was obtainable.

Some of the structural features are further illustrated by the 
sections in figures 5 and 6.

The dome southwest of Syracuse lifts the sandstone 360 feet 
higher than it is in the wells at Syracuse and 270 feet higher 
than in the well at Johnson. The slope on the northeast side 
is to the north-northeast at the rate of about 30 feet to the 
mils, or an angle of considerable less than one-half degree. 
This northerly dip is well exposed in outcrops of Greenhorn 
limestone, in sec. 11, T. 25 8., R. 41 W., where, however, it is 
at least 5° locally, and the southerly dip is plainly perceptible 
in the ledges of Dakota sandstone in the quarry in sec. 23, 
T. 26 S., R. 41 W. In the strata exposed along the northern 
side of the Arkansas Valley from Syracuse to Hartland there 
is a slight but perceptible rise along the eastern extension of 
the anticlinal axis, probably culminating west of Hartland, 
where the Dakota sandstone comes to the surface.

As shown in figure 5, the top of the Dakota sandstone 
descends only 10 feet from wells at Syracuse to Kendall and 
only 30 feet from Kendall 9 miles southeast to the outcrop 1^ 
miles southwest of Hartland a rate of 3^ feet to the mile.

In the eastern part of the region there is a general eastward 
slope. The descent of 
the sandstone is 660 
feet from the Hart- 
land outcrop to wells 
in Garden City, 7 
miles east of the 
northeast corner of 
the Lakin quad 
rangle, where appar 
ently the Dakota is reached at a depth of 461 feet or 
an altitude of 2,370 feet. As the distance is 30 miles, 
the rate is 22 feet to the mile. The direction is north 
east and probably the maximum slope is in that 
direction.

At Lakin, which is 9 miles from the Hartland out 
crop, the top of the Dakota sandstone is apparently 
152 to 155 feet below the surface, or at an altitude of 
2,835 feet. This altitude indicates a relatively uniform rate of 
slope, as shown in figure 4. Probably all the beds east of 
Hartland descend on this slope, so that the Greenhorn lime 
stone passes beneath the valley floor and the Ogalalla formation 
constitutes the valley slopes, a condition which continues east 
ward to Dodge.

GEOLOGIC HISTORY.

GENERAL FEATUEES.

The geologic history of western Kansas has been the same as 
that of a wide area of the central Great Plains. Evidence of 
some of the conditions and of their results appears in the 
Syracuse and Lakin quadrangles, but much of the history has 
to be read from geologic facts observed in other parts of the 
province. Rocks of nearly all the geologic periods are exhib 
ited in the uplifts along the Rocky Mountains, but the exten 
sions of the older formations under the Great Plains are so 
deeply buried that their characters and relations are not 
apparent. Moreover, portions of geologic time are not here 
represented by sediments, and it is not known whether this 
lack of beds representing them is due to nondeposition or to 
the removal of the beds by erosion. For this reason and 
because of the uncertainty of the significance of many geologic 
features only a general outline of the sequence of events can 
be given. It is evident that the conditions were uniform over 
wide areas and that the Great Plains province has been a plain 
at different times in the.past. The province was undoubtedly 
submerged by the sea many times and it emerged many times 
and was sculptured by running waters, especially in the later 
epochs.

THE SEDIMENTAKY RECORD.

It has been shown that the rocks which appear at £he sur 
face in the Syracuse and Lakin quadrangles comprise limestone, 
shale, sandstone, gravel, sand, and clay. The limestone was 
principally a chemical precipitate from salt water, the shale was 
fine mud or clay, and the sandstone was sand, all materials 
derived from the waste of older rocks. These sedimentary 
rocks afford a record of physical geography extending from 
Upper Cretaceous time to the present; the "Red Beds" (Cimar- 
ron group), limestones, and sandstones which underlie the 
region extend back to Carboniferous and probably to earlier 
Paleozoic time. The conditions under which these strata were 
deposited are indicated to some extent by their composition, 
appearance, and relations. Sandstones ripple-marked by

Syracuse and Lakin.

waters or by wind or cross-bedded by currents and shale 
cracked by drying on mud flats show deposition in shallow 
water; pure limestones generally indicate open seas and scarcity 
of land-derived, sediment. The fossils that the strata contain 
belong to species resembling those that now inhabit waters that 
are fresh, brackish, or salt, warm or cold, muddy or clear, and 
therefore indicate the conditions prevailing at the time and 
place at which they were entombed. The character of the 
adjacent land is shown by the kind of sediments derived from 
its waste. The quartz sand and the pebbles in coarse sand 
stones and conglomerates, such as are found in the Dakota and 
Ogalalla formations, had their origin in crystalline rocks and 
have been repeatedly redistributed by streams and concentrated 
by currents and by wave action on beaches. Red shale and 
sandstone, such as make up the Cimarron group, are as a rule 
the result of the revival of erosion on a land surface that has 
been long exposed to rock decay and oxidation and hence have 
been covered with a deep residual soil. Limestone, on the other 
hand, if deposited near the shore, indicates that the land was low 
and that its streams were too sluggish to carry off coarse sedi 
ments, the sea receiving mainly substances in solution.

PALEOZOIC CONDITIONS.

The uplifts along the Rocky Mountain Front Range and the 
drill records in eastern Nebraska and Kansas reveal early 
Paleozoic sandstones and limestones which lie on a floor of 
granite and other pre-Cambrian crystalline rocks. Doubtless 
these rocks underlie western Kansas also, but nothing is 
known of their relations. The sand of the sandstone was 
deposited along beaches and in shallow waters and the material

-Section along Arkansas Valley from Syracuse to Lakin, Kans., by way of Sutton, showing a low anticline west of Hartland.
Kgs, Graneros shale; Kd, Dakota sandstone, possibly including Purgatoire; Km, Morrison formation; Cc, Cimarron group.

Horizontal scale: 1 inch=3 miles.
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FIGURE 6. Structure section from Irene to Syracuse, Kans.
Qds, Dune sand; Qal, alluvium; To, Ogalalla formation; Kgn, Greenhorn limestone; Kgs, Graneros shale; Kd, Dakota sandstone,

possibly including Purgatoire ; Km, Morrison formation; Cc, Cimarron group.
Horizontal scale: 1 inch=3 miles.

of the limestones was deposited in seas that, extended across a 
large part of the continent, periods of deposition alternating 
with periods of uplift in which the sediments were more or less 
deeply and extensively removed by erosion. The general 
absence of Devonian and Silurian rocks in the central Rocky 
Mountain province is believed to indicate that there was an 
extensive land area during those periods, or that, if those rocks 
were deposited, they were removed by widespread erosion in 
early Carboniferous time. Early Carboniferous rocks (Missis- 
sippian) underlie western Kansas, and as they are mostly lime 
stone of marine origin they indicate an extension of the sea 
across that region. In later Carboniferous time (Pennsylvanian 
and Permian) widespread emergence of this land produced shal 
low basins and low plains on which there were wide mud flats 
over a large part of the Rocky Mountain province. In this 
region the great mass of red clay and sand that forms the 
Cimarron group was laid down. These beds, which probably 
were largely deposited during a period when the climate was 
prevailingly arid, accumulated to a thickness of 1,000 feet or 
more. The materials of the coarser beds were carried by 
streams, but the finer beds were laid down in shallow local 
basins or bayous and on wide mud flats, as is indicated by the 
numerous mud cracks, ripple marks, and impressions of various 
kinds on many of the layers. The nearly general red tint of 
the deposits was doubtless their original color, for it is present 
not only throughout the lateral extent of the formation but 
also, in most beds, through its entire thickness, as is shown by 
deep borings. This red tint is therefore not due to later or 
surface oxidation.

At different times, which were not synchronous throughout 
the region, the accumulation of sand and clay was interrupted 
by the chemical precipitation of comparatively pure gypsum in 
beds that range in thickness from a few inches to nearly 70 
feet and that, as a rule, are free from sand and clav. It is' ' v

apparent that this gypsum is the product of evaporation in 
lakes, and its purity indicates that the waters in which the 
beds were formed were quiet.

EAKLY MESOZOIC CONDITIONS.

Triassic development. Red sandstones representing part of 
Triassic time occupy an extensive area in the Rocky Moun 
tain province and extend eastward for some distance in South 
Dakota, Colorado, New Mexico, and Texas. They are absent 
in western Kansas and adjoining regions north and south, and 
this may indicate either nondeposition in this area or the

removal of deposits by late Triassic uplift and planation. It 
seems probable, however, that during a large part of Triassic 
time the region was a land surface of low relief in which 
general planation progressed slowly. This condition resulted 
from widespread uplift without local structural deformation.

Jurassic and Cretaceous seas. Marine sediments of later 
Jurassic age are present in most parts of the Rocky Mountain 
province as far south as central New Mexico and as far east as 
the Black Hills, but they thin out eastward and are absent in 
the western Kansas region. It is likely that the sea in which 
these sediments were deposited occupied a larger area than that 
in which the deposits now remain, but its limits can only be 
conjectured. If it covered western Kansas and adjoining 
regions north and south its sediments were removed by erosion 
resulting from uplift near the end of Jurassic time or in the 
early part of Cretaceous time.

During the Cretaceous period a great series of beds of sand 
and clay was deposited in formations that are generally uni 
form over wide areas. In the central and northern areas the 
earlier deposits were evidently laid down in streams or shallow 
estuaries along a coastal plain, but to the south marine condi 
tions prevailed during much of earlier Cretaceous time. In a 
wide area in and near the Rocky Mountain province the first 
deposits of the Cretaceous, or possibly the last of the Jurassic, 
now constitute the Morrison formation, a mantle of massive 
sandy shale, which extends from Montana to New Mexico. 
The deposits were mixtures of clay and fine sand, which were 
laid down in a series of basins or troughs that were occupied 
by sluggish streams and shallow bodies of fresh water bordered 
by wide mud flats. The deposits at most places include thin,

irregular bodies of 
coarser sand laid 
down by streams or 
currents, and at inter 
vals thin beds of im 
pure calcium carbon 
ate. Huge dinosaurs 
were then numerous, 
and their remains are

found in abundance in the formation. Probably at 
this time the earliest deposits of the Comanche series 
were accumulating in the regions to the south, but 
there is no evidence as to the relations of the marine 
and fresh-water deposits.

Morrison time was succeeded by coastal-plain con 
ditions, and in some areas by transient marine sub 
mergence. At this time thick mantles of sand were 

deposited and also some widespread sheets of clay of the later 
formations of the Comanche series, although the character of 
the deposits differs somewhat from place to place and there is 
local channeling of the surface of the soft Morrison deposits. 
The erosion of these deposits appears to have been remark 
ably slight no more than would be expected from currents of 
sufficient strength to transport the coarse materials. It is 
therefore believed that no long interval of uplift and erosion 
followed Morrison deposition, for had there been such an 
interval the soft clays would have been widely removed. .The 
coarse deposits of the Cheyenne, Purgatoire, and Dakota sand 
stones were derived from sources that are not clearly indicated 
and were spread by currents over a wide area. The coarse 
grained lower member, which is generally 50 to 60 feet thick, 
gives place to a medial member of clay, mostly of purplish 
color, in places not unlike the Morrison beds. The Cheyenne 
and Purgatoire formations contain fossils of late Comanche 
(Washita) age, which are found also in the Purgatoire sand 
stone along the Rocky Mountain front in southern Colorado. 
The Lower Cretaceous formations are overlain by the Dakota 
sandstone, of the Upper Cretaceous series, a fresh-water deposit 
that was laid down on beaches and by currents during an uplift 
in which the sea receded far to the south.

After these great sheets of sandy sediment had been formed 
there was a rapid change in the conditions of sedimentation to 
those under which clay was deposited, beginning with the 
widespread Graneros shale. The deposition of this shale marks 
the beginning of the period of very extensive later Cretaceous 
submergence, in which marine conditions prevailed over a large 
area and for a long time, or until several thousand feet of clay 
was deposited, during the Benton, Niobrara, and Pierre 
epochs. In places some of the first sediments laid down were a 
thin transition series of alternating sand and clay, but there is 
wonderful uniformity in the character of the great man tie of 
Graneros shale, which in places reaches a thickness of more 
than 1,000 feet. The next episode was marked by the deposi 
tion of the thin but very distinctive Greenhorn limestone in 
an area at least 1,000 miles long and 600 miles wide. This 
limestone, with its peculiar features and associations, extends 
from the Black Hills to New Mexico and far eastward into 
Iowa. It was everywhere succeeded by the clay now repre 
sented by the Carlile shale, with its sandstones and distinctive 
concretions, which is even more widespread than the Greenhorn 
limestone. Its deposition was followed by that of several 
hundred feet of impure chalk and limy shale, which now con-
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stitutes the Niobrara formation, and this in turn was followed 
by the accumulation of the thick mass of clay that constitutes 
the Pi erre shale, which was deposited under very uniform con 
ditions over a vast area. On the retreat of the sea in late 
Cretaceous time a widespread mantle of sand was laid on the 
Pierre clays. This sand is the Fox Hills sandstone. On the 
further retreat of the sea extensive land surfaces were exposed, 
diversified by streams, lakes, and estuaries of brackish or fresh 
water, which received the sands, clays, and marsh deposits at 
the end of the Cretaceous and the beginning of the Tertiary 
period. Marine conditions recurred locally in late Cretaceous 
time, as is shown by the appearance of a characteristic marine 
fauna in the shales that overlie the earliest coal measures.

TERTIARY DEPOSITION.

PLEISTOCENE DEVELOPMENT.

ORIGIN OF THE GREAT PLAINS.

There was extensive uplift in the Rocky Mountain province 
in early Tertiary time, and the products of the resulting erosion 
were spread over wide areas in the valleys and the adjoining 
plains. Some of the earlier Tertiary deposits probably covered 
part or all of Kansas and have since been removed by erosion. 
In Oligocene time, after the outlines of the great mountain 
chains had been developed, there was a long period in which 
streams of moderate gradient flowed across the semiarid central 
Great Plains region. These streams, which frequently shifted 
their channels and overflowed extensive areas, laid down the 
widespread mantle of the Oligocene White River deposits. 
The flrst of these deposits were the sands of the Chadron forma 
tion, which show clearly the location of the old channels by 
beds of coarse sandstone and the areas of slack water and over 
flow by beds of fuller's earth and other clays. The area of 
deposition of this series extended across eastern Colorado and 
Wyoming and western Nebraska and South Dakota, and 
probably also farther north, for the deposits have been found 
in western Canada. Doubtless their original extent was much 
wider than the area in which we now find them, for much of 
the formation has been removed by erosion. The White River 
epoch was continued by the deposition of the Brule clay under 
conditions in which the currents were less strong and lakes 
and slack-water overflows were more extensive. The Brule 
clay has about the same area as the Chadron and originally 
was much more extensive than it is now.

At the beginning of Miocene time the general conditions 
had not changed materially, but doubtless for a while there 
was an extensive land surface in the central Great Plains area. 
In the stream channels that traversed this surface the Gering 
formation was laid down. One of these channels extended 
across western Nebraska for several miles just south of North 
Platte River. The next deposit was a widespread sheet of 
sands, derived from the mountains to the west. This sheet 
was probably spread over the entire central Great Plains region 
by streams and to some extent by winds. The streams of this 
time shifted their courses across the plains and spread the debris 
from the mountains in a sheet which in some parts of the area 
attained a thickness of 1,000 feet a £at alluvial fan of sur 
prisingly wide extent. This material forms the Arikaree forma 
tion, which buried some of the lower ranges of the uplift, as is 
shown by the high altitudes to which it extends on the slopes 
along the front of the Rocky Mountains in Colorado and 
Wyoming. It has been so widely eroded since its deposition 
that its original extent is unknown, but it doubtless covered 
most of the central Great Plains, far to the east. Its deposition 
was followed by uplift and erosion which removed the Arikaree 
and parts of the underlying formations from the southern and 
the eastern part of the region and left the thickest mass of the 
deposit in western Nebraska and eastern Wyoming. Probably, 
however, it never was thick nor widespread in the southern 
part of the region, where erosion predominated while deposition 
was in progress in the northern part. Next came the epoch in 
which the streams began to deposit the thin mantles of sands 
of the Ogalalla and other late Pliocene formations, especially 
in southern Colorado, in southern Nebraska, in Kansas, and in 
regions farther south. These deposits appear to have been at this 
time laid down mainly in the southern region above described, 
erosion probably predominating in the region farther north.

These alternations of later Tertiary deposition and erosion, 
first in the north and then in the south, were undoubtedly 
determined by differential uplift, the uplifted region undergo 
ing erosion and the depressed or stationary region receiving 
deposits from streams whose slope was not sufficient to carry off 
their loads. This condition was accentuated by the semiarid 
climate of the plains, where then, as now, the mountain tor 
rents and the resulting vigorous erosion furnished large quanti 
ties of debris, which the streams, being of low declivity and 
constantly diminishing volume as they crossed the plains, were 
unable to carry to the sea. Even if such a region is traversed 
by valleys cut during a time of uplift or of increased rainfall, 
the valleys are soon filled by sediments when the cutting 
ceases; and during freshets, and to a less extent during the dry 
periods of the year, they shift their courses so as to spread 
a wide mantle of deposits over the entire area in which the 
drainage is sluggish.

During the early part of the Pleistocene epoch there was 
uplift and there were floods caused by increased precipitation, 
which resulted in widespread denudation of the preceding 
deposits, so that the later deposits were entirely removed in the 
eastern part of the area, where there were glacial floods, and 
were widely and deeply trenched in the western part. To the 
west there extended to the foot of the mountains a great high 
plain of remarkable smoothness, mantled in its northern part 
mostly by the Arikaree formation and in the southern part by 
the Ogalalla and possibly some later deposits, the product of 
later Tertiary deposition. As the Black Hills dome rose 
somewhat higher than the general uplift it was deeply eroded, 
so that the High Plains, whatever may have been their extent 
in that region, were largely removed, and their northern edge 
was left, as at present, in the great escarpment of Pine Ridge, 
facing toward the Black Hills uplift. Farther south, across 
Nebraska, Colorado, Kansas, and Texas, the High Plains still 
presented wide areas of tabular surface, though the streams of 
Pleistocene time cut into them deeply and removed them 
widely. Numerous changes in stream courses took place in 
Pleistocene time, and some of the valleys still present relations 
that clearly illustrate their history.

ECONOMIC GEOLOGY.

With the exception of underground water the mineral 
resources of the Syracuse and Lakin quadrangles are not of 
great value. They include soils, building stone, limestone 
materials for concrete, clay, volcanic ash, and ocher, and 
possibly oil a«nd gas.

SOILS.

No special study was made of the soils of the area, so that 
only general statements can be made regarding them. 1 The 
two principal surface materials, except loose sand of the sand 
hills, are the Ogalalla formation and the alluvium. The 
Ogalalla formation consists largely of sand and loam but in
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places contains more or less calcium carbonate. The material 
was brought from the west by rivers and differs considerably 
in character within short distances. Sandy loams predominate 
on the surface, and generally these make excellent soils, which 
afford very satisfactory crops when sufficient moisture is avail 
able. The wide valley bottom along Arkansas River is floored 
with alluvium, which is similar in origin and character to 
the Ogalalla deposits. There is great local variation in the 
proportions of coarse and fine material, but many areas are 
thickly covered with loam of great fertility.

The exposed areas of Dakota sandstone, Graneros shale, and 
Greenhorn limestone have distinctive soils, but the areas are 
small and are partly covered by sandy wash carried down from 
higher slopes.

BUILDING STONE.

The Greenhorn limestone and the Dakota sandstone have 
been quarried in the Syracuse and Lakin quadrangles to a 
moderate extent for building stone for local use. An extensive 
quarry a mile northwest of Syracuse is the principal producer. 
This quarry contains ledges of hard buff limestone, most of 
them 6 to 8 inches thick, which is easily worked and serves 
well for rough work. Another quarry in the northwestern 
part of Kendall has furnished supplies of similar stone, and a 
smaller quarry in Greenhorn beds 7 miles south by west of 
Syracuse has been worked at intervals.

fhe Dakota sandstone has been obtained for several years 
from small quarries, one in the SW. \ sec. 27, T. 26 S., R. 40 
W., and others in the NW. \ sec. 27 and the center of sec. 26, 
T. 26 S., R. 41 W. The rock is light buff in color, though 
rather irregular in tint, and the beds range in thickness from 
a few inches to a foot. It is suitable only for foundations and 
rough walls.

LIMESTONE.

Much of the Greenhorn limestone contains from 90 to 95 
per cent of calcium carbonate, and the purer stone could be 
burned for lime. It has been so burned in a small way for 
local use. Its availability for making cement is mentioned 
below. Small deposits of excellent limestone cap the knolls 
15 miles southwest of Syracuse and outcrop in ledges in the 
southern part of T. 26 S., Rs. 39 and 40 W., and in the north 
west corner of T. 27 S., R. 39 W.

MATERIALS FOR CONCRETE.

Limestone and shale for making cement are available from 
beds that extend along the northern side of the Arkansas Valley 
from Syracuse nearly to Hartland. Sand and gravel for mak 
ing concrete occur in large quantities in alluvial deposits along 
the river and at many places in the Ogalalla formation. A 
large part of the Greenhorn limestone is suitable for Portland 
cement if it is mixed with shale. The mixture is ground,

burned in suitable kilns, and the product reground. Some of 
the limestone contains sufficient clay to be suitable for cement 
without additional shale. Beds of shale are intercalated 
between the beds of limestone, and there are high banks of 
excellent shale near Sutton Siding, west of Hartland. Suffi 
cient limestone is available from Syracuse to Hartland to 
maintain large cement plants, for even where exposures are 
small or absent the Greenhorn beds are continuous all along 
the outcrop zone shown on the geologic map. A large 
quantity of the rock also 'underlies the ridge south of Syracuse. 
The following analyses oil limestones of the region were made
by W. C. Wheeler, of the \United States Geological Survey:

i
Approximate analyses of limestones in Syracuse region, Kerns.

Calcium carbonate..- _ _
Magnesium carbonate .
Insoluble . __ ' _ _ _ _
Not determined ___. _ _

Quarry 
at 

Syracuse.

93.3
.8

3.2
2.7

100.0

Ledges 
southwest 

of 
Syracuse.

93.3
.8

2.7
3.2

100.0

Ledges 
southeast 

of 
Syracuse.

76.4
.7

18.6
4.3

100.0

Quarry 
northwest 

of 
Kendall.

93.3
.8

2.7
3.2

100.0

Knoll 18 
miles 

southwest 
of 

Syracuse 
(Ogalalla) .

93.3
.8

3.2
2.7

100.0

J Many facts regarding soils are given in "Reconnaissance soil survey of 
western Kansas," by G. N. Coffey and T. D. Rice, U. S. Dept. Agr. Bur, 
Soils Twelfth Kept., for 1910, pp. 1345-1442, pi. 34 in atlas, 1912.

CLAY.

Parts of the alluvium consist of sandy clay that is suitable 
for making brick and that has been used to a small extent for 
that purpose. The Graneros shale consists of clay which 
could be burned for brick of different kinds and other 
burned-clay products. The bank west of Hartland is the 
principal locality at which clay is easily available in large 
amount. Some sandy clays in the Dakota formation are 
probably suitable for economic use, notably those in the 
exposures on the large draw near the main road 15 miles south 
of Syracuse.

A deposit of clay that might be useful as fire clay is included 
in the Dakota formation in the south bank of Bear Creek, 12 
miles southwest of Johnson. (See PI. IV.)

VOLCANIC ASH.

Small deposits of volcanic ash occur in the Ogalalla forma 
tion, but the only one observed that appears to have economic 
importance is in the east side of sec. 23, T. 20 S., R. 41 W., 
south of Syracuse. This material is mined extensively in 
Nebraska and some other States for polishing and cleansing 
powders.

OCHER.

A small deposit of impure red ocher is included in the 
Dakota formation in sec. 25, T. 26 S., R. 41 W., south of 
Syracuse. It may be of value as a pigment, if the amount is 
sufficient to warrant development.

PROSPECTS FOR OIL OR GAS.

The Syracuse and Lakin quadrangles are underlain by 1,000 
feet or more of red shale and sandstone, which are probably 
barren of all useful products, but below these red rocks are 
limestones and shales of the same age as those which yield gas 
and oil in eastern Kansas and elsewhere. Several borings have 
gone deep into the red beds, but apparently the underlying 
rocks have not been reached. Their depth is probably 1,500 
feet or more in most of the area, and they are at least 1,000 
feet thick. Although there are no indications that these rocks 
contain oil or gas in. this region, it may be desirable to test 
them at some time. The low dome along the west-central 
portion of the Syracuse quadrangle shown in figure 4 would 
be an advantageous place for the test.

In 1918 a hole was bored 725 feet deep in the southwest 
corner of sec. 9, about 1 mile west of Hartland, but apparently 
without encouraging results. It was not deep enough to test 
all the strata.

WATER RESOURCES. 

SURFACE WATER.

Arkansas River does not carry a large volume of water at 
ordinary stages, but in spring and early in summer it is sub 
ject to great floods. The other streams of the area are Bear 
Creek and North Fork of Cimarron River, which have only 
transient flows, although at times of heavy rainfall they also 
are in flood. The many small streamways of the region carry 
water only during rain, although in some of them as well as in 
Bear Creek and Cimarron River water remains in holes far 
into summer. There are no permanent springs.

Arkansas River. Arkansas River rises in the high ridges 
of the Rocky Mountains of central Colorado, and many of its 
streams head in the Sangre de Cristo, Saguache, and Culebra 
ranges. These mountains have summits 14,000 feet high and 
large areas of perpetual snow. The river crosses the Front 
Range in a deep canyon, well known as the Royal Gorge, 
traverses the foothills in a deep valley, and enters the Great 
Plains between Canon City and Pueblo. In the mountains it 
descends from an altitude of more than 10,000 to about 5,300
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feet in a distance of about 100 miles. East of Pueblo it flows 
in a wide, shallow valley across eastern Colorado and south 
western and south-central Kansas. In the mountains the river 
receives many tributaries, most of them vigorous streams fed 
by both, snow arid rain, the precipitation amounting to about 
30 inches a year. In the Great Plains, where the climate is 
arid, the affluents are few and are of small, irregular volume, 
and there are many dry washes. The river itself is usually 
shrunken, but it has floods of great volume though of short 
duration, mainly late in spring, caused by the rapid melting 
of the snow, and af intervals early in summer, caused by 
heavy rainfall. In places it is dry much of the year.

Measurements of the flow of Arkansas River were made 
near Syracuse 1 in 1903, 1904, and 1905.

The river at this point has a wide range in fluctuation, being 
practically dry at times and at other times having a flow of 
nearly 30,000 second-feet. The total flows for the three years 
above mentioned were 406,000, 602,000, and 942,000 acre-feet, 
with mean discharge of 562, 831, and 1,423 second-feet.

A summary of analyses of composite samples of water 
from Arkansas River near Deerfield, Kans., during 1906 and 
1907 is presented in the following table. The averages repre 
sent a highly mineralized sulphate water unfit for use in 
boilers, very hard, and concentrated enough to have a distinct 
mineral taste. The water ranges widely in concentration and 
composition, because of the intermittent addition of strong 
sulphate and chloride waters from tributaries above Deerfield. 
Its content of suspended matter is often very high.

Chemical composition of the water of Arkansas River near Deerfield,
Kans. a

[Detailed analyses published in U. S. Geol. Survey Water-Supply Paper 278, p. 288,1911.]

Silica (SiO.) ____          
Iron (Fe)  ___..._.._.._________._
Calcium (Ca) _____ _ _ ....

Sodium and potassium (Na-f-K) . 
Carbonate radicle (CO 8) _ __ _
Bicarbonate radicle (HCO 8 ) _____ 
Sulphate radicle (SO 4) .,..._ _

Chlorine (Cl) ______-_--___-_ _ __
Total dissolved solids _ _
Turbidity ______ __._
Suspended matter __ _ _ _ _
Coefficient of fineness __

Maximum 
(parts per 
million).

68 
10 

256 
88 

301 
.0 

296 
1,201 

10 
104 

2,179 
26, 200 
18, 477 

2.42

Minimum 
(parts per 
million) .

16 
.04 

97 
12 
29 

.0 
144 

65 
.5 

39 
410 

12 
21 

.53

Average.

Parts per 
million.

29 
1.9

186 
62 

215 
.0 

231 
826 

3.2 
72 

1,571 
3,359 
2,551 

1.09

Percent 
age of 
anhy 
drous 

residue.

1.9 

.2 

12.3 

4.1 

14.2 

7.6

54.7 
.2 

4.8

"Analyses by F. W. Bushong and A. J. Weith, University of Kansas.

UNDERGROUND WATER.

General conditions. In nearly all parts of the Syracuse and 
Lakin quadrangles satisfactory supplies of water are obtain 
able from wells of moderate depth, but in some places the 
volume is not great. The alluvial deposits near the river yield 
water to shallow wells in large quantities at most' places, and 
the Ogalalla formation in the wide table-lands or High Plains 
generally affords water to wells from 20 to 200 feet deep. The 
Dakota sandstone underlies the entire region and contains a 
large volume of water, which is utilized in numerous- wells, 
notably at Syracuse, Johnson, Lakin, and Kendall, and in the 
region southwest of Syracuse. This formation yields artesian 
flows from Coolidge westward up the Arkansas Valley, but the 
head falls gradually and finally passes beneath the valley bot 
tom a short distance east of Coolidge. Hence there is appar 
ently no likelihood of finding artesian flows within the area.

Wells in the Cimarron group. The Watkins well, in the 
northwestern part of Morton County, about 9 miles south of 
the southwest corner of the Syracuse quadrangle, affords valu 
able information concerning the strata which underlie that 
general region. Its record shows clay, gravel, and sand to a 
depth of 118 feet, presumably in the Ogalalla formation. Next 
comes 17 feet of yellow shale, 35 feet of blue sandstone, 80 
feet of blue shale, and 125 feet of white sandstone, doubtless 
all Dakota, which extend to a depth of 375 feet. From this 
depth to the bottom of the boring at 1,160 feet the rocks are 
mostly red and brown shale and sandstone, including a 130- 
foot member of cream-colored sandstone near the top and 40 
feet of limestone from 765 to 805 feet. Considerable water is 
obtained in the strata at 135 to 170, 720 to 725, and 805 to 
975 feet; the two lower sources are in red beds and the water 
rises to a level less than 80 feet below the surface.

A 1,000-foot boring was sunk many years ago south of 
Syracuse. It obtained no additional water supply below that 
found in the Dakota sandstone. Doubtless it penetrated far 
into the Cimarron group.

Wells in Dakota sandstone. Water is obtained from the 
Dakota sandstone at Syracuse in several wells that enter the 
formation at depths from 122 to 191 feet under alluvium and

:For detailed description see U. S. Geol. Survey Water-Supply Papers 
99, pp. 269-271, 1904; 131, p. 134, 1905 ; and 173, pp. 28-30, 1906.

Syracuse and Lakin.

Graneros shale. The water is much better in quality than that 
obtained from shallow wells in the alluvium and the wells are 
safer from surface contamination.

The city well, the record of which is given on page 4, is 
478 feet deep and furnishes 7,000 gallons an hour without 
material drawdown. Most of the water is in a massive sand 
stone from 402 to 445 feet and it rises to a level 100 feet or 
less below the surface. A 6-inch well just north of the rail 
road station enters shale at 16 feet and at 153 feet enters 
Dakota sandstone which continues to the bottom of the boring 
at 210 feet. It is stated that the water rises to a level within 
35 feet of the surface. The well has been tested to 75 
gallons a minute, but it is believed to be capable of yielding 
more. Another well, reported to be 284 feet deep, penetrates 
sandstones at 193 to 197 and at 250 to 279 feet, both of which 
yield satisfactory supplies of soft water. At the Rogers place 
in Syracuse a well 208 feet deep penetrates about 40 feet into 
sandstone. Well No. 4 of the Atchison, Topeka & Santa Fe 
Railway Co. is 465 feet deep and'yields 65 gallons of water a 
minute. The water rises to a level less than 75 feet below the 
surface. According to the record (see p. 4) the well enters 
a 12-foot bed of water-bearing sandstone under shale at 170 
feet; other sandstones that carry larger volumes of water are 
penetrated at 255 to 267 and at 400 to 435 feet. The 
basal portion of the lowest sandstone yields the greater 
part of the supply utilized. (For analysis, see p. 10.) In 
well No. 2 of the railway company, some distance away, sand 
stone is reported at 235 to 237, 252 to 255, 262 to 265, and 
283 to 286 feet.

The four deep wells sunk by C. W. Beeler in T. 25 S., 
R. 41 W., on the high ridge southwest of Syracuse obtain 
abundant supplies from the Dakota sandstone. Their records 
are given on page 4. One well 535 feet deep in the SE. ^ 
sec. 9 enters the Dakota sandstone at 250 feet and the water 
rise's to a level less than 90 feet below the surface. The 
principal sandstone beds are from 250 to 270, 416 to 430, 
450 to 465, and 500 to 532 feet deep, but which of them yield 
water is not reported. The water level in the 232-foot well 
in the NE. -J- sec. 27 is less than 50 feet below the surface. 
It penetrates sandstones at 170 to 185 and at 210 to 230 
feet, and some water is found in sandy layers in shale between 
136 and 170 feet. The 362-foot well in the NW. £ sec. 33 
enters the Dakota sandstone at 140 feet, in a bed 40 feet thick, 
and penetrates another body of sandstone at 305 to 358 feet, 
from which water rises to about 50 feet below the surface. 
The fourth well, in the SW. $ sec. 2, is 240 feet deep, and 
the water rises to about 70 feet below the surface.

The well of Samuel Yaggi, in the NE. | SE. £ sec. 16, T. 25 
S., R. 42 W., is 385 feet deep and obtains a fair supply of 
water, which rises to about 125 feet below the surface and 
comes mainly from white sandstone that is penetrated at 379 
to 385 feet. Many other beds of sandstone are penetrated. 
The well on A. Hutchinson's ranch in the SW. J sec. 8, 2J 
miles west by south of Yaggi's and at about the same altitude, 
is 360 feet deep and has a good supply of fine water that 
rises to about 100 feet below the surface.

It is reported that wells 300 and 400 feet deep at the Unruh 
ranch in sec. 26, T. 25 S., R. 42 W., 1£ miles south of Yaggi's, 
were unsuccessful.

There is a fairly satisfactory well 354 feet deep at Sanders 
ranch in the SW. £ sec. 12, T. 25 S., R. 43 W. A 306-foot 
well in the northeast corner of sec. 2, T. 25 S., R. 42 W., has 
water within 146 feet of the surface. The well ends between 
the second and third sandstone strata and is not very satisfac 
tory. The Overton well, near the center of sec. 12, T. 25 S., 
R. 42 W., is in sandstone between 180 and 370 feet, and is a 
fiairly good well. The water rises to about 190 feet below the 
surface.

Most of the wells in the southwest quarter of the Syracuse 
quadrangle are 120 to 200 feet deep and obtain their supply 
from the upper part of the Dakota sandstone, but some of 
them find water in the overlying sand and gravel of the 
Ogalalla formation. Very few records are available to throw 
light on the identity of the water-bearing beds. The deepest 
boring is one 500 feet deep on the Rea ranch in the SW. ^ sec. 
1, T. 28 S., R. 43 W. In this well two water-bearing beds 
that are separated by shale were found between 300 and 500 
feet. A large volume of soft water was obtained. A 300-foot 
well on another Rea ranch in the NE. -J- sec. 32, T. 27 S., R, 
42 W., had the following record:

Record of well in the NE. i sec. 32, T. 27 8., R. 48 W.

	Feet. 
SoU..___.___--__-_____....  _   _.   ____   .  __ 0- 20
Clay (Graneros in part)._.._______________ 20-150
Sandstone, soft____._____....__..._......_..____.____.._. 150-160
Sand, with water,....__.____            _ 160-260
Sandstone, porous..._______.__.___________ 260-290
Shale        _-_ - -_            290-300

There was a large volume of soft water in coarse sand from 
160 to 260 feet, which is reported to be capable of yielding 
1,500 gallons or more a minute.

A well was sunk in Johnson late in 1889 to a depth of 420 
feet. According to the driller it penetrated 180 feet of loam 
and nearly dry, fine sand of the Ogalalla formation. Below 
this material from 180 to 400 feet was a formation that was 
reported as "gravel with three clay layers containing a large 
volume of water which rises to within 180 feet of the surface." 
Probably these beds comprise the base of the Ogalalla for 
mation and about 200 feet of Dakota sandstone. Below the 
water-bearing deposits from 400 to 420 feet was "blue mud, 
like putty," probably the shale which underlies the Dakota 
sandstone at most places.

At Kendall a well 537 feet deep yields 70 gallons a minute. 
The record of this well is given on page 4. It reached Dakota 
sandstone at 53 feet under the valley fill. Water-bearing sand 
stones were found at 114 to 152, 215 to 268, and 348 to 367 feet. 
Brown sand was penetrated from 425 to 430 feet and light- 
gray sandstone from 476 to 493 feet, but they were not reported 
to contain water. The boring ended in the Cimarron group.

At the Lombard ranch on the river flat, 1^ miles southwest 
of Kendall, a 110-foot well obtains a large volume of soft water 
that rises to within 5 feet below the surface. The water 
comes from Dakota sandstone, which is reported to have been 
entered at a depth of 83 feet.

At D 6 ranch, just north of the railroad, about 2 miles 
southeast of Kendall, a 127-foot well has a good volume of 
soft water that rises to about 40 feet below the surface. It is 
in Dakota sandstone, which is reported at a depth of 35 feet.

A well at Lakin, drilled by the Atchison, Topeka & Santa 
Fe Railway Co. in 1901, has the following record:

Record of railroad well at Lakin, Kans.
Feet.

Loam and sand__________________.._________________ 0- 40
Clay, blue_______________________.._______.._______.______ 40-55
Sand, blue, with water____-__________________________ 55- 84
Clay, yellow and blue __.________. ___________ 84-156
Sand and gravel with water._____________ 156-194
Water level, 30 feet below surface; yield, 55 gallons per minute.

Another well near by, 197 feet deep, has closely similar 
features.

Records of other wells at Lakin.
No. 3.

Feet. 
Surface material and sand__________ ___ 0-30
Clay___ ._.__._______________________ 30 - 55
Sand, blue________ __   __     -_-__________   _ 55 - 84
Clay, blue__________ :_____________________________ 84 -1531
Clay, yellow.__._________         ___.__ _  1531-156
Sand, gravel, and water. _______________ 156 -174
Conglomerate _ ___ ..     .              174 -189 
(?) ________  ________   __    -   _-_-_________ __ 189 -191

No. 3.
Feet. 

Surface material and sand _..____ .._____.._____.__ 0-30
Clay _-    ------- -       __ 30 - 55
Sand, blue__ ____ _      _     55 - 84
Clay, blue____   _        ___.__-_   . __      _ 84 -152
Water, sand, and gravel (Dakota) ______________ 152 -1761
Conglomerate (in part?)____.__________ 1761-197

A well near the northwest corner of T. 28 S., R. 33 W., in 
the Garden quadrangle is reported to pass through the follow 
ing beds:

Record of well near northwest corner of T. 28 S., R. 33 W.
Feet.

Soil_.:____--_______________________________ 0- 3
Grit(OgaIaJla)._____          __.__...___ 3- 45
Clay, blue (Graneros)____________ ________________ 45-305
Rock, hard, blue (Dakota?) _________________. ______ 305-325
Sandstone (Dakota) ____________________________ 325-330

The sandstone contains much water, which rises to within 
about 210 feet of the surface.

Wells in Ogalalla formation. Most of the ranches on the 
High Plains obtain a supply of water for domestic use from 
wells in the sand and gravel of the Ogalalla formation. The 
water is contained chiefly in the lower part of the formation 
and generally the volume is good, but there are places where 
fine-grained deposits extend down to the shale and no water is 
obtainable. Some of the wells in the Ogalalla formation also 
penetrate into underlying Dakota sandstone, which yields 
increased supply. In a large area about New Ulysses and to 
the north and west the wells are less than 100 feet deep, and 
along Bear Creek and far into Stanton County the water is less 
than 50 feet from the surface. At Johnson the formation 
carries but little water, but the underlying Dakota sandstone 
yields a satisfactory volume.

Several wells have been sunk by the State to test the under 
ground-water resources in western Kansas. One of these, 5 
miles north of Kendall and half a mile north of the northern 
margin of the quadrangle, shows the water conditions on the 
High Plains in that region. The well is 196 feet deep, and 
obtains an abundant supply of water, mostly from the lower 
beds of the Ogalalla formation, from 170 to 187 feet. The 
yield, when pumped from a depth of 170 feet, is estimated at 
33 gallons a minute. The State well in Grant County is in 
the NW. ± NW. i sec. 36, T. 29 S., R. 25 W. It was sunk 
in 1895 to a depth of 231 feet and obtains an abundant supply 
of water from basal Ogalalla beds at 148 to 212 feet. The 
water rises within about 123 feet of the surface. The records 
of these wells are given under the discussion of the Ogalalla 
formation (p. 6).
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Wells in the alluvium. The lower part of the coarse sand 
and gravel in the lowland along the river is saturated with 
water at most places, and is the source of supply for many 
houses and ranches in the valley and also to some extent for 
irrigation. The thickness of the valley deposits differs consider 
ably from place to place and at some places the materials are 
finer grained than at others and contain less water. The thick 
ness at Syracuse is only about 20 to 30 feet; at Kendall, 53 
feet; and at Lakin, 30 to 40 feet. The water is mainly derived 
from local rainfall and is moving toward the river and also 
down the valley at a low rate of flow. Most of the wells are 
from 25 to 50 feet deep, and there is considerable difference in 
depth to water and in volume of water obtained from place 
to place within short distances. In general the water rises to 
within from 10 to 20 feet of the surface, according to the 
height of the land above the river and the local volume of 
water. Most of it is hard.

The sand and gravel adjoining and under Arkansas River 
carry a large volume of water which is known as the under 
flow. The conditions under which the water accumulates, its 
quantity, direction, and rate of flow were investigated in detail 
by Charles S. Slichter 1 in the summer of 1904. A series of 
test wells, mostly 14 to 36 feet deep, were sunk at intervals 
across the valley at Deerfield, Sherlock, and near Garden City, 
and observations were made in the "Narrows," near Hartland.

It has been popularly supposed that the underflow in the 
valley deposits along Arkansas River comes from Colorado or 
even from the Rocky Mountains, but Slichter's investigation 
showed that its source is mostly local. A small part of the 
water sinks from the river or spreads laterally from it, but the 
greater part is derived from rainfall on the near-by flats and 
sand hills, together with small additions from run-off on the 
side slopes and tributary valleys. Slichter's principal conclu 
sions are as follows: 2

1. The underflow of Arkansas Eiver moves at an average rate of 8 feet 
per 24 hours in the general direction of the valley.

2. The water plane slopes to the east at the rate of 7.5 feet per mile, and 
toward the river at the rate of 2 to 3 feet per mile.

3. The moving ground water extends several miles north from the river 
valley. No north or south limit was found.

4. The rate of movement is very uniform.
5. The underflow has its origin in the rainfall on the sand hills south of 

the river and on the bottom lands and plains north of the river.
6. The sand hills constitute an essential part of the catchment area.
7. The influence of the floods in the river upon the ground- water level 

does not extend one-half mile north or south of the channel.
8. A heavy rain contributes more water to the underflow than a flood.
9. On the sandy bottom lands 60 per cent of an ordinary rain reaches the 

water plane as a permanent contribution.
10. The amount of dissolved solids in the underflow grows less with the 

depth and with the distance from the river channel.

No indication of a decrease in the underflow at Garden was 
noted in the five years from 1899 to 1904. The city well at 
Garden showed the same specific capacity in 1904 that it had 
in 1899.

In one place Slichter found that the soft water from the 
sand hills was crowding the hard water of the river underflow 
toward the north side of the valley. He found that the slope 
of the water plane toward the river is reversed when there is 
a heavy flood in the stream without any local rainfall. Under 
this condition the water table near the river rises and there is 
lateral flow into the sands of the bottom lands for a short dis 
tance. A heavy local rain, however, rapidly raises the water 
level under the valley.

As is shown by the contour lines in figure 7, the ground- 
water slope does not follow the river channel.

EASTERN EDGE OF LAKIN QUADRANGLE-*] 
R.35VV. R.34-W. ' !

FIGURE 7. Map showing slope of ground-water plane between Deerfield 
and Garden, Kans., east of the Lakin quadrangle; determined by 
C. S. Slichter in the summer of 1904.

An investigation was made at Clear Lake to ascertain if its 
supply of water was replenished by a large underflow from 
Bear Creek, as is supposed by some people in the region. 
Test holes were sunk near the pond, and it was found that at 
this place the underflow was moving nearly eastward down 
the valley without any notable influx from the south. The 
pond, therefore, would not furnish any large volume of water 
for irrigation.

The measurement of the underflow at the "Narrows," 1J 
miles above Hartland, gave some interesting results bearing on 
the total volume of underflow passing along the valley bottom,

*U. S. Geol. Survey Water-Supply Paper 153, 1906. 
8 Idem, p. 5.

which at this place is greatly narrowed by rocky bluffs 2,250 
feet apart. Test holes found bedrock under the valley fill at 
a depth of about 40 feet below the river. The cross section of 
fill is about 75,000 square feet, and if the sand holds one-third 
of its volume of water and the average velocity is 10 feet a day 
the total flow is 250,000 cubic feet a day or 2.9 cubic feet a 
second. However, the average velocity probably is less than 
10 feet a day, for determinations near the center of the valley 
gave 9.6 feet at a depth of 16 feet, and 3.4 feet a day at a 
depth of 25 feet. In the Narrows the gradient of the water 
plane is 8.5 feet to the mile, but just above the Narrows the 
rate is 11.4 feet.

Slichter 3 made some experiments at Deerfield to determine 
the rate of evaporation of ground water from different depths 
and under varying meteorologic conditions. In part of July 
and August, 1904, when the evaporation of open water ranged 
from about 2 to 3 inches a week, the rate was about half as 
much as this where the water level was 1 foot below the sur 
face, one-fourth to one-sixth as much where it was 2 feet below 
the surface, and about one-twentieth as much where it was 3 
feet below the surface.

Wells in the dune sands.- A plentiful supply of water is 
obtainable by shallow wells in many places in the sand dunes 
south of Arkansas River. In some places this water occurs in 
the basal portion of the sand that lies on the valley floor of the 
alluvium, and in other places it is at greater or less depth in 
the alluvium. Very few permanent wells have been sunk in 
the sand area and apparently no tests have been made to show 
the quantity of water available.

Quality of well waters. The following analyses of water from 
wells in the area have been compiled from various sources: 4

tration of the water by evaporation, for in the bottom lands the 
water plane is close to the surface. The shallow water also is 
more subject to dilution by rain and by overflow from the river. 

Classifying average analyses of water from wells less than 40 
feet deep, north of the river by general location, gives the 
following results:

Quality of ground water in wells north of Arkansas River. 
[Parts per million.]

Location.

First bottom _ __ _ ___. _____
Second bottom __ __ _
Upland _____ _ _ ______

Number 
of samples.

38

7
3

Chloride 
radicle 

(01).

69
40
18

Alkalinity 
as CaCO 3 .

182

183
199

Total 
hardness 
as CaCO3 .

428
476
768

Total 
dissolved 

solids.

938
894
OKA

Water for irrigation. The large volume of water that satu 
rates the sands in most parts of the valley of Arkansas River 
nearly to the surface is pumped for irrigation of areas of con 
siderable extent. Several large pumping plants have been 
installed in the broad flats south of Lakin.

Slichter 5 has estimated that in a properly constructed well in 
coarse material each square foot of percolating surface of the 
well strainers can be relied on to yield fully one-fourth of a 
gallon of water a minute under 1-foot head.

Pumping tests were made by Slichter in two wells near 
Lakin. One well in the NE. | sec. 10, T. 25 S., R. 36 W., 
consisting of a pit and 7 feeder tubes, was 42 feet deep. The 
"water level was 8 feet below the surface. The yield was about 
540 gallons a minute, and the drawdown was 6^- feet. With 
gasoline at 21 cents a gallon and a lift of 17 feet the fuel cost 
of pumping was $1.37 an acre-foot.

Analyses of water from wells in Syracuse and Lakin quadrangles, Kans. 
[Parts per million; analyses by Atchison, Topeka & Santa Fe Railway Co.]

Date of 
collection.

June 22, 1900
Do   _

Sept. 5, 1902
May 30, 1902
May 22, 1900

Nov. 12, 1898
Nov. 7, 1898
Dec. 7, 1898

July 28, 1899
Oct. 25, 1899
Apr. 16,1902

1910

T>Pf> 7 18Q8

Do-

Do-   

May 12, 1900

May 30, 1902

1901

Dec. 2, 1,907

Locality.

Kendall __ ________
_.__do __________________

do
  do.       .... -
____do _ ___       __
  do ________ __ ---

Syracuse. . _ __ .__
do

  do         

.___do ______ ___      

. do           
do - . -

__-do       _    

li miles south of Syra
cuse.

cuse. 
1 mile south of Syra

cuse. 
Lakin

do   ..

  do  _ __   _

Deerfield _ __ - _ _

Source.

Artesian well _ _ __ - ._- _ ...
do. a

do." - - _ ___ -
_ _ do.« __ __ _ ----- _ __- _ -.
Well in fine sand ____ _______
Well No. 1 of Atchison, Topeka

& Santa Fe Railwav Co.
Well of H. R. Taylor __ _______
Well of C. T. Rose.- _ ___ _______
Tank of Atchison, Topeka &

Santa Fe Railway Co. (well 
water).

Well                  
  do              
Artesian well ____ __ _   __ _ ___
Well No. 4 of Atchison, Topeka

& Santa Fe Railway Co. 
Well of J. H. Bolt  ____________

Well of B. Osteton-... _ _ ____ 

Well of I. Overton - ___________

Artesian well _ - _

Three wells           __ ___ _

Well of Atchison, Topeka &
Santa Fe Railway Co. 

(<*) _ __

Depth of 
water 

bearing 
stratum.

Feet. 
215-368

349-367

500
152

115
154
186

28

157
170
250
465

1,120

15

28

160
C 184

J 1QO

[ 195 
160

198

Silica 
(SiO2).

29

]LJ
31

Iron
(Fe).

8.9

.14

Calcium 
(Ca).

34
34
24
34

221

198
31
33

343

120
63
18

(6)

63

80

161

, 50

KO

(°)

QO

Magne 
sium 
(Mg).

7.4

11

8.4
35

9.3
11
12
80

53
3.9
4.4

(6)

13

29

24

8.4

14

(c)

38

Sodium 
and 

potas 
sium 

(Na+K).

136
104
114
114

60

60
69

102
110

106
203
153
441

34

21

109

38

on

36

90

Carbon 
ate 

radicle 
(CO.).

166

106
96

121
63

52
96

113
203

79
174
138
189

89

132

254

101

1ft9

(°)

e !23

Sulphate 
radicle 
(S04).

79
138
168
143
432

491
91

134
962

391
254
143
679

113

92

291

45

25

44

199

Chlo 
ride 

radicle 
(Cl;.

15

15

12
12
46

45
14
17
61

68
42
12
85

17

32

7.3

20

5 0

19

42

Volatile 
and 

organic 
matter.

36
26

55
70

68
27

. 24
116

123
135
24

48

48

216

60

22

58

Total 
dis 

solved 
solids.

464
430

488
928

923
344

418
1,876

847
876
493

1,308

377

433

1,061

322

141

313

e 591

a Same well at different depth.
6 CaCO s+MgCO 8 =99 parts per million.
c CaCOj,+MgCO 8 ==152 parts per million.

d Well No. 1, U. S. Reclamation Service; A. J. Weith, analyst, University of Kansas. 
e Nitrate (N0 8)=4 parts per million.

Considerable attention was given by Slichter 1 to the compo 
sition of the ground water in the Arkansas Valley from Deer- 
field to Garden City, and the following figures are based on 
the results of a large number of field assays in his report:

Average mineral composition of ground water in the Arkansas River
valley.

[Parts per million.]

Depth of wells.

Less than 10 feet ___ ______
10to20feet._ _ _________ __
20 to 30 feet.-_------__-- 
30 to 40 feet ____ _ _____
40 to 70 feet_. __ --_   __  .
More than 70 feet_____ _ ___
Sand-hill wells __ _ _ _ _

Number 
of samples.

11

18

14

10

6

4
9

Chloride 
radicle 
(Cl).

103
78
50
46
25
11
12

Alkalinity 
as CaC03.

208

186
163
176
121
163
164

Total 
hardness 
as CaCO3.

385
401
410
380
167
284
182

Total 
dissolved 

solids.

758
967
910
928
350
247
269

These figures show a marked decrease of total solids in the 
waters from wells of greater depth than 40 feet, and it is well 
known all along the valley that wells 60 to 100 feet deep, 
reaching "second" or "third" waters, as they are termed, yield 
very much softer water than the shallow wells. The sand-hill 
waters are in general exceptionally soft. The increase in mineral 
content near the surface is believed to be due partly to concen-

3 Idem, pp. 43-44.
4Parker, H. N., Quality of the water supplies of Kansas : U. S. Geol. 

Survey Water-Supply Paper 273, pp. 103-105, 116-118, 1911.

The other well, in the SE. } sec. 4, T. 25 S., R. 36 W., 3 
miles southwest of Lakin, also had a pit and feeder tubes that 
reached a depth of 42 feet. The water level was 11^ feet 
below the surface and the drawdown was 4^ feet. The yield 
was about 215 gallons a minute. With gasoline at 22 cents a 
gallon and a lift of 15.8 feet, the fuel cost of pumping was 
$2.78 an acre-foot. The fuel cost for pumping in other wells 
ranged from $1.09 to $2 an acre-foot, except in one plant 
using coal, where it was only 85 cents.

The largest pumping plant in operation in 1911 was that of 
the United States Sugar & Land Co. This company had a 
400-horsepower plant at Deerfield and about 20 miles of 
electric transmission line connecting 14 pumping units. The 
typical pumping unit consisted of 5 wells pumped by a single 
centrifugal pump and had a capacity of about 1,800 gallons a 
minute. The wells were about 50 feet deep and 16 inches in 
diameter, they had perforated casings and extended chiefly 
through sand and gravel. About 4,200 acres were under 
irrigation with water supplied by this plant. The water level 
was reported to average about 12 feet below the surface and 
the drawdown to be about 12 feet. No considerable deple 
tion of the total supply had been noted.

Several other pumping plants, which were operated in the 
valley, had capacities that ranged from 1 to several second-feet.

April, 1917.

6 Op. cit., p. 6.


